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ABSTRACT 

The present feasibility study and cpnceptual design are pact of a demonstration pro- 
|ect wherein the'Federal government has fundied this portion of the effort with the 
understandinjg that the University will attempt to fund and construct the project - 
through its normal procedures, provided the present study demonstrates to the satis- 
. faction of the University that it is in. the best intere^sts of the University to proceed 
the information presented herein is believed to so demonstrate. 

The technical feasibility and the economic benefits of on Integrated Utility System 
(lUS) at the University of Florida ore addressed, as are the environmental i(nd in- 
stitutional factors. The recommended lUS alternates include select energy systems 
wherein one fourth to three fourths of the required electrical power is generated 
on-site with full utilization of the waste heat from the process for heating and 
cooling purposes. Full integration of the systems is achieved through incineration 
, of solid waste for its heat content, and partial reuse of the effluent from the exist- 
ing sewage^eatment plant for equipment make-up water and for irrigation. 

A premise has been made, based on the trend of increasing interruptions in gas ser 
• vice, that tfie Universi+y would hav^o take some action to provide dn alternativ.€ 
fuel for heating and cooling in the reasonably near future* This study demonstrate 
that there is significant economic advantage in supplying the energy necessary for 
lieating and cooling as a by-product of power generation. 

* - 

Finally, it is not in any given utility system, but rather in the inteyotion of the 
subsystems where the University is able to gain conservotional and economic od- 
^ts^hntage.' Since the required system modifications will tdce four years to design 
and install, the time for planning is now. , 

\ .. ^ ... ( : . 
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PREFACE . * ' . 

Thx^ A.e.ponf p^e^enti, ihz analLf4>Z&^ and fie.(Lormend(UXx)Yis, oi 

an e.valuicvU6n ol the. Jntzgnatzd UtWUy Systems concept at the. UnZ- 
ve/u>Ajty oi FZoAlda, 

The, fie.pofit Jib the. 'fiesaZt oi a <ioopeAatx.\}e, e.iionX. by the, UnZve^^y 
ut^LUty manageAs, tkz HEW Pn.oje.ct. OHicz and the HEW Cons uZtant Cojitkaa- 
tofL, Rzi^nolds, SirUtli and HMs, fiA-cihAtzcts , Eng^xizeju, and PZxxnneXS, Inc. 
Jacl£&dnvAZZe., PlohJjda. The. involvement oi tkz HtW OHlce, ^i^axuZitce^ 
EnginzeMAjng and 'PnjopeAty Management ^ a conszqbeen.cz o£ ^^ts rtiUsADn oi 
p/iovAxLLng akchltzctu^uit md, zng^^zzfUn^ consultant szn.vtczs to tkz mexLi- 
cat and -lUgkeA zducxUio'n cormurUty, and, tkz Unlv^lty^'s agftzement to 
colZaJboAjatz uiUk tkz HEW team -tn pzfiioAm^g tkz i^zASlbiZUy study on tkz 
'GalnzsvZttz campus . ■ '■ • , ^ 

Tkz sponsor oi tkz HEW zHofit voas tkz Expk^zntat Tzcknology IncentZvzs 
Pfvognxm (ETIP) OUajiz oi tkz VzpoAtment oi CommeAcz, HatA^naZ SuJieaiL oi 
Standakdsl' Tkz ETIP Involvment Jis panpOuaZjoJity innovatlvz. Tkis pna- 
gnjom szzks\ thAouak veAy ^mqdz&t iA^caJt ass^tancz to- zxamlnz and zxpeAA.- 
mznt t/oltk gove/Lnmzntat pollclzs and pHjacZiczs Xjfi 'OAdeA to: . • . - 

o \ JdzrVUiy and kemovz ^ovznnmznt A^^zd bafuUeAS^to tzchnoh)g4MaZ . 
• ■ cAonge xn -C^e pAlvatz szcton.; and r - • - 

* ~ - ' " ■ . • \ ' 

o ' ConjLZJct JtnheAznt market JuriipeAizcZlons' that AJinpzdz tkz ^o\fat^n 

, pAOCZSS.' \ _ \ ' ^ ' ^ * ' 

Tkz objzatA.vz oi tkz pAo/zct U to dexnovCstnatz th^ ^% Jntzgna^ 
ILUjUty Systems [JUS] canczpt can conseAvz zneAgy and potablz uxx^za, 
ziizct cost oi enej^gy savings,, and Ajnpnovz poZtwUon contAot,' « 



Tke. aAcUXe,(UuAnt~ejig^e.eAAJig 'h.ypothz6^ thcU le^d to the. AoAmutcutLon 
05 ttva obj&ctu.vz 4J, bcu>e.d on tke^e. cOni>^eA£ution6: 

'0 HA^tOJUcaMy,' wULLty 6eKvA,ce^ AzqtuA&d by a community 

o£ buJJ.df.n36 de.veZope.d^ 04 6e.pcmate. eatctce^ oveA. tJjne. ^ 
bzQ^uiyUnQ uilth Roman. adque.du(it6 and zvoZvtng to eZe.(itAZc 
- pQiAjQA^^Qa^^ oAd othcA atltUy 6eA.vlceJ> aji thz late, nine.- ' ■ 
tze.nth ce.ntuAu. ^ \ 

' ' . ■ ^' ' . . . ■ . ' ■ 

o ,. Changej> coutd made! Jn peAce.ptlon^, 'c£u>tom and Zasjo uJhich 
■7 ; ux)uZd Az^ace. con^tnjujvtd on the. vj.ew that combZnJng tho^e. 
^ ^ 4c/Lv^ce^ can pfiodaaz bznz^kjU In an zAa'oi JncA.ea6^g co6t6 
/ . o£ cap^ctat, £uzl, and potablz u^ateA, and dzcAzasJ^g avaJZ- 

abA^Ajty oi thz^z Ae6pu/Lce6, VubtZc Lavo 94-3S5 o^ Augu&t 14, 
19 76, ^ a weZcofhz 6tzp -cn that dlnzct^Hs^, Among otheA.'tking6 
^ A.zqLuAe^ thz PzdeAoZ EneA.gy AdmlnUtAxubion (FEAJ tD dzveZop 
. pAopo6aZ6 £oA ^mafUng poZicUej^ MhJjch dUcouAagz AnzUZcAje.yvt 
U6Z ojj 5aeZ.*' . . ^ 

o ThzAz OAZ cZzoA tzchnoZogZcoZ oppoAJtunMz6 to 6avz co6t6 
6avz rznzAgy, and con^zAvz potabZz ujotzA a& (ajzZL a6 ^tkovz 
6oZ^d and ZJqiUxl uxu>tz handZZng, Zi thz non-tzcknJcaZ con- 
6tAaUnt6 can bz ZogZcatty accommodat&d. ~ • 

Thz tzchnoZog<xiaZ appAoachz^ u}UhZn thz JUS conczpt oaz not new 
Pf:<^c.Q^ and poAjU, oi thz conczpt havz. bzzn Zn ci&z £oa many der.adz6, liJhu 
dcd thz conczpt^ not pAo^pzA? PAZjnanAZy, bzcau6t. thz ^hoAtagz oA aztA.oZzu}n ' 
T^(^T'^ ^ ^ixe^wxd not zxpAe.66zd Zn vzAy high iaozZ^t^ uUiZ 

Thz Vzdejml,e:iionZ at. thz UnZyjZA^Zjty oi TZo-^Ujia, and at CzntAot UZchigan 
UnA.veA6^y M^ Mount PZza^ant, flidiZgan, 6zzk6 to dAomatZzz and demon6%uUz 
that: a vzAy modest zUo^, iZn -coZZaboAotZon MUh znUghtznzd Zn- ■ 

6tAXutAX)nsZ zxzciU^vz6 and managzM, 6tAaZgU ^oAwaAd pAobZem 6oZvZnq 
meXhod6 and 6ound oAchAXzctuAaZ-zngZnzeAAng p^cXZcz can poZnt thz to 
6^gn<.^AXLant co6t and zhvZAonmzntaZ bznziZts. • • 

What cotvUU^utZon and ZjnpacX can a 6accz^6£uZ rus^Zn^oJUda and MZaUgan ' 
^°Tt . b^ zxpzcXzd that many hzaZth and edu.catU.on Zn6tZXuAon6 

'^^nJ^^^^'^ 4^ n.zcormeyidatJ.on^ madz to thz UnZve/uZXy o'A fZonUjda 
and CzntAoZ Htchcgan Unk.veA6Zty, . - y _ 3 0 t.cu«. 

Thz.pzpaAtmznt ojj Hou4>Zng and UAban VzvzZopment Z6. ivoAkZn^ on a 6ZmZZaA 
pAojzct JoAAz^AxlzntZaZ cormunUZe^; thz.^EmAgfy m^zoAch and VzvzZopmznt 
Adji^tna^n ^ pAoczzding mXh an "J ntzgA^zd ^rmuyuXy ^EnzA^y^ System 
.-VOICES Connz<Ltzd " Th^z tattzA z^^oAx^ ha^^ dZUzAzht ^KaAgZeJ>, 

but thz zyUaAz zUoAt ka6 to^do lAiUii thz ^zgAotcon oi 6y6tem ioA znzAgu 
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INTRODUCTION . ^ - 

A. THE INTEGRATED UTILITY SYSTEM , 

The* objective of an Integrated Utility System (lUS) is to' provide required utility 
services with maximum efficiency and. minimal overall costs. . .and in a manner 
which is consistent with environmental requirements and institutional constroints. 

. To this end, the lUS concept can become oc-yiable option for medical and educa- 
tional institutions to offset ever spiralling energy costs. By and large, current 
utility systems (electrical power generation, heating and cooling, water supply, 
sewage treatment and solid waste disposal) are typically treated as separate operat- 
ing entities. The NJS concept conrA)ines as mony of these utility services as are 

. economically justified in order to achieve maximum utilization of heretofore wasted 
energy from individual subsystems. Optimization is "si*e-specific, and, this docu- 
ment addresses the multiplicity of subsystems available to maximize the benefits 
from the lUS concept at the University of Florido. 

The essence of an operationally and financially successful lUS is on-site electrical 
power gteneration utilizing low quality or waste heat to provide space heating and 
cooling, requTrements. Traditionally, large commercial electric generation stations 
operate at approximately 35 percent thermal efficiency; whereas, an JUS plant can 
attain and even exceed thermal efficiencies of 70 percent . - Due to this fact, the 
economic benefits often provide for investment, payout tirties of as little as 3 to 5 
years. . .with continuing onnual energy savings of 10 to 25 percent. 

The increasing cost and decreasing availability of fuels is serving as a catalyst to 
'-©oost further interest in the lUS concept. Contributing factors are: 

(1) continuing escalation of electric utility rotes, 

V ' . - 

(2) shortage dnd imminent curtailment of fuel supplies (natural gas) 

" in many Rectors, ^ 

(3) f luctuation in fuel oil pricesydue to the vagaries of international 
oil policies, and ^ - 

* • 

(4) ^ increasing environmental/energy conservation awareness. 

The lUS concet>t takes an jinnovative approach to integrating established and sound 
engineering practices ancy proven equipment to provide more efficiently the required 
utilHy services. . • : 



1-1 
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. The appear of the lUS concept is further enhanced when one cohsiders how it 

meshes with future planning activities. For example, md|or equipment items, such 
. as boilers, hove to be replaced periodically. When the cash flow picture against 
which lUS is being compared reflects these replacement items,' the economic bene- 
fits from an lUS are. often dramatic. The justification of an lUS (even partial) lies 
in the fact that integration of systems affords the user substantial fuel savings, and 
often a rapid return on investment 

' RATIONALE FOR ON-SITE POWER GENERATION 

. -.Although the lUS concept encompasses all utility services, it should be noted that 
the majt^ity of the return is going to be achieved from the on-site electric power 
generatjon integrated with space heating and cooling requirements, and that this 

- level of systeiT iteqration alone will often justify an lUS. ^ 

Industry long ago recognized that on-site power generation utilizing recovered low 
level heat could play a major role in reducing operating costs. Consequently, many 
jndustr.es incorporated essentially the same concept ugder the name of Total Energy. 
^4umerous shopping centers, amusement parks, and^^ther commercial establishments 
soon followed suit. This took place prior to the Arab oil embargo when fuel costs 
were low The savings are now even more dramatic and others are examining the 
potential benefits of Total Energy.- In paillcular, the military is examining the 4 
concept for application at many of their facilitfes. 

In-order to explain the principle of improved efficiency through combining space 
tieqtmg and cooling with.on-site power generation, it may be helpful to review the 
concept of availability and reversibi lity in thermodynamic systems. All thermodyna- 
mic systems, /e .g. high temperature combustion gases, at a given state defined by 
such properties as temperature, pressure, velocity and elevation, have the potential 
tor performing a maximum quan- ty of work in reaching equilibj-ium with the environ- 
ment. The maximum quantity of work is achieved by going from the initial state 
point to a final state point through reversible processes of heat transfer and w^. 

For example in a university or medical complex, thermal energy in the temperature ' 
range of 100 F to 400° F is required to provide space heatVng and cooling. The 
cortibujtion of fuek in a boiler generates hot combustion gases at approximately 
3,500 F to satisfy these thermal requirements. If reversible engines could be 
placed beiv.een the heat source (combustion gas) temperature and each of the low 
temperature heat sinks, the system operation could then approach that of a'Wer- 
• s.ble system and energy requirements could be obtained in the most efficient manner. 
Although^reversible engines exist only in theory, there are available heat engines 
l'?^.o?f^°"^.«^ool"^' conventionally operate with throttle temperatures of 
- u o nnA^^ """"^ combustion turbines which operofe at. in let temperoh^res • 
in the 2,000 F. range . By incorporating one or more of these heat engines ihto the 

V ' i_o 
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system, the irreversibility can be reduced and the utilization of thermal energy 
improved over that of o conventional heating plant which generates steam require- 
ments for the thermal loods v/tth no power generation and maximum irreversibility* 

The system which will/ in general^ *ook niost attractive in terms of highest fuel effi- 
ciency Is one in which power generatrongs incorporated and in which the power 
generation system is selected on the basis of being the optimum size to provide the 
thermal requirements > Any smaller power generation results in having to use a con- 
ventional boiler to produce the additional hot water or low quality steam required 
f^ heating or cooling, and any larger unit results in a portion of the on-site elec- 
Jric generation system -competing with , the high thermal efficiency characteristic of 
the large power generating units operated by electric utility systems. Put different- 
ly, the plant will generally be designed so that the heating and cooling requirements 
are met by the waste heat from power gen'feration processes; This in turn will usually 
mean that a significant portion, but not all of the power, will be generated on-site. 
This relationship is sometimes called a Select Energy System. ^ 

C. APPROACH AND CONTENT 

The elements to be considered and analyzed to evaluate the potential benefits of an 
iuS are: ^ ^ • 

(1) energy requirements, 

(2) present and projected electrical rates and consumption, 

(3) reliability and adequacy of public power supply/ 

(4) projected availability of fuels in that region, 

(5) capability of burning different fuels, 

(6) existing utility plant facijiities, - ^ 

(7) space availability, 

(8) economic benefits, 

(9) funding capability, 

(10) institutional and organizational factors, 

(11) . environmental desirability, and 

(12) impact on the surrounding community. 

1-3 
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These elements Have been considered foe the Universify <>f Florida lUS application 
and are presented in this report as follows: . x ■ - ' \ 

. 0) A description.of thVUniversilSTof Florida utility systeiro is given 

in the Existing Utility System section, the pertinent utility da'ta 



(2) 



provided by the University ^^fe examined to develop o baseline" , 
conventional -desigp^, ^^■"■\ ' ' , • 

• . ' -. ■' ■' ' „' ■' ' ' ' ' ^' ^ . 

The Energy^vai lab i I i^y and Cdst'se«cti on assessi the present and 
future fuer'and electrical supply situation/ - ^ 

The Integrated Uti I ity System Gpnceptual Design section presents 
.the rationale for selection, si±ing and integratina the utility sub-^ 
systems. And, an analysis of the technical feasibility and benefits. 
■' <' to be realized by the proposed designs is made, 

* ' J • ■ * " ' ' ■ 

(4) The financial benefits of implementing ap lUS at the University 
are established in the Economic 'Analysis section. A life cycfe 

J. cost analysis of alternate lUS concepts is appJied to determine 

^ . the relative economic return to. be expected for an lUS system 
as compared to conventional utility system counterparts, and 

(5) The Environmental and Institutional Factors section assesses 

the potential environreentql impacts as well as .institutional fac- 
tors, other than environmental, which con influence the appli- 
cation of lUS technology at the University of Florida." i 



II. 

A. 



EXECUTIVE SUMMARY 
INTRODUCTION . ' / 



The c<3hcept of the Integfdted Utillty^System (lUS) js to co^ider the interaction and 
motual support of five otrlity subsystems needed by a^<:ampus comply of buildings. 
The subsystems are: (1) Electric Power Service; (2) Heating-Ventilating Air Con- 
ditioning qnd Hot Water Service; (3) Solid Wcfste Handling; (4) Liquid -Waste . 
Handling; and (5) Potable Water Service . By and large, current institutional 
utility subsystems ore treated as separate entities. "Integration" of the subsystefnj 
H a design approach that seeks to establish those aspects of each subsystem that can 
assist th^ overall sys^m performance, ^aid anotherjway, the lUS. concept seeks op- 
timunri system performance . / . ■ ^ 

The essence of an energy sovir^g^nd financially feasible lUS is on-site generation 
of all or part of the needed electric power s/e'rvice and utilization on-site of the 
cast-off heat normally lost at a large remoffe pcr^^er station and also the energy nor- 
mally lost in transmission to the institution.. In addition, lUS considers utilization 
of the heat values derived from solid waste incinerated on-site. 

^Within the context of a specific site, liquid waste handling can include ef^traction 
and .digestion of the soli?! portion of the waste and treatment to Standards that would 

•permit the final effluent to be discharged' into the stream system. In addition, the 
fmal efftOent can be used for such purposes as plant process water(and irrigation in 
order to reduce the demand for. potable water. There potential uses for the solids, 
resultirig from the liquid waste handling operation, such as fertilizer. The sterile 

• ash jc^maining from the solid waste incineration operation can be placed in q land- 
fill. ' 



It is conceptual l^feasible for an lUS to provide- se;lf sufficiency for utility services 
within the state- of- the-ort of proven technology. Furthermore, th^syst^m can be 
designed 'to bccommoddte the addition of heat and power from other services, such 
qs solar energy when technological advances so warrant. 

In this applicatron of the lUS concept the environmental considerations include: , 

- o Reduction of solid wcfcte by incineratidn to"5 percent of its original 
volume/ and removal of. the sterile ash to a landfill, obviously - . 
re'ducing the volume to ^e accommodated in the' landfill. The ash 
will not contribute to ground water pollution. Costs of installing - 
and operating this subsystem were included .before estimating. the. 
net. soyings or credits. , • . , 



ll-l 



J 
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Reduction of the potoble water cfe.fnahd ,throu£it»^ilizati of 5ome 
of fjje treated I^u;d waste\effluent for jplant^rocess water and irri- 
gation. Costs for thjs aspect of the inVegrdl^on are smaJI and were * 
not included. . . J '. '.>.iV= - \ - ' 



o ., Pollution control devices to meet local^nd ridtlorial standards^ and" 
the costs of thesfe devices and their ogjerafion c^d Tnainten^^^ 
included before- making estimates of het savings. ' . 

' ■ ' " ^ - ' " 

It^s to be emphasized that I US concept applications are "^•te-specific"V custom 
dAii.gne,d to a specific institutionaf;^ituation. * 4 - v'" ' ' 

Rnally, the IU5 installation recommended provides to VtW ii^^^^^ 
utility services respoosiye to present demands : This medhs^thpf^^ayitfonal energy 
conserving actic^ns that may be implemented within the biiHdin^>will prdylde addi- 
tional cost of energy savings associated with the proposeti lUS. \ 

■ . --■ ' ■ ■ : " ^> 

b/ reco mmendation r ^ 

\ . ' ' • ■ ■■ ' < ■". ..V '. 

; As a re.sult of the Hndtngs and analysis contained in the report/ "Integrated Utility 

Systems (IUS),-Pi^asibility Study and Conceptual Design of the University of Florida, " 
' the following recommendation is mad? to install an I US on the GarneJvi lie campus 

Proceed nowto budget, design, and install a 12.5 megawotf th^r/nal eWctrTc.ge^i- 
erating plant plus a 25 tons per day, or a 75 tons per day, solTd WasteT^^cinerotion^ 
plant. In support of 'that effort act promptly to modify the air conditidhing ex^- ^. 
: sion prc^am so that 5, 900 tons of air conditioning is provided by absorpffon chfHers . 
rather than electric motor driven chillers as how planned. ' ^• 

The thermal elecMc plant would consist of two multi-fuel boil6re (c^ OTsgds)'- 
and two steam driven 6.25 megawatt ^dtiable extraction rurbine generators. Part of " . 
the existing steam distrfbution system would be converted to a "Low Temperature Hot ' 

Water" heat distribution system.' "Die-exfsting heating plant should be retained ' 
back-up reserve. - "~ : \ • 



The new power plant and solid wcjs(e incinerators would be located nearby and assor 
ciated with the existing heating plant. '^if^x v*' 

The hew ec^uipment and existing plant modifications wi41 provide 85 percent of'th^' 
®!f^*^'^.P°^^'"*''®**"'''®"^"^ the University, atid 1^ percent of the space hea/ihg, 
air conditioning and hot water service requirements. The balance of the electric 
power needed by the University would be suppli^d.from: its' present sources on the 
utility electric power grid. ;improved pollution contr.ol will result for the University 
and the surrounding community. * « 

■ . X 11-2 
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The investment costs an<J related benfefits are state below: 

o • .The capital investment cost For the .recommended JUS modification is 
$18.2 19.4 miJlion. 

o * Annual value of energy savings over the 25 ye'arj plant life is 41 -44 
^ percent per year, this would be $4.2 ^'^.4 millon in 1981 when tke 
plant is started up. 



Economic Indicators: 



Payback period as an indication of the risk is 4.8 years. 

' -- 

the savings to investment rdtio is less than 4 (this number 7s 
derived from dividing (1) the estimated total future net 
savings from198l to 2006 discounTed to 1981 using t^e 
State of Florida bond interest rate of 6.5 percent as a dis- 
count rate by, (^) the total investment cost in 1981 dollars.) 

- Interest rate of return on the investment is 23 percent. 

The recommended option costs and benefit details ore presented on Table II-l . 
Table 11-2 and 11-3 present, for budget purposes,' the investment disbursement 90sts 
inflated to the pertinent fiscal year for the 12.5 megawatt plant, plus\a 25 tons pei* 
day or g 75 tons per day solid waste plant. 

Cl INCREMENTAL ALTERNATIVE RECOMMENDATION ^ . 

As an alternative to the foregoing recommendation, an incrementarinstal lotion 
prog^is presented on Table 11-4. This breaks the recommendea lUS into two 
phases; Phase 1, which is approximatefy^one half of the recommended lUS^, would 
-be fully operational and would yield rciighly half of the benefits if Phase R were 
never built. In this case, .the payback period would be 5 yedrs and the interest 
rate of return 22 percent- rK . - ?i . 

^ . ^ , ■ ■ ■ ■ . " ; 

The purpose of the incrementation as displayed on Table 11-5 is tp show what the 
•fiscal year expenditures would be if the project Were phased. AFth.ough Phase II 
is XJnly spiipped one year, it would be possible to slip it 0^5^ redsonahle period of 



time 
more 



The penalty, of course, would be in +he escalation of construction costs and 
significantry in the Ipss of about $2,000,000 per year. in operational sayjngs. 
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FIGURE 1.1-1 PROJECTED UNIVERSITY OF FLORIDA UTILITY.COSTS 



EXISTING STEAM 




12.5MWf ABSORPTION 
SEIICT ENERGY SYSTEM 



12.5 MW^ ABSORPTION + LTHW 
SELECT ENERGY SYSTEM > 



I' 



» 



// • . ' ■ \ ■ . - 

p. • OPTIONS FOR SOLID WASTE INChNERATlQN 

/ ■ • .■ " ",».». ' " i 

The following solid waste incineration options are feasible when made part of the 
prbposed lUS. Waste Incinerators are now available that meet air pollution stan- 
dards ond deliver steam useful for reducing other fuel demands. The incinerators 
can be enclosed tcrpreserve an tittractive external appearance; the^peration is on 
.on 8-hpur, 5 day a week schedule, and;'does not require highly skilled operators." 

The smaller option is base'd On the University generated solid waste at a rate of 25 
tons per day. The larger option includes the University and the City of Gainesville ^ 
commercial dry waste at a rate of. 75 tons per day. Truck traffic would range from 
5 truck loads per day to about 15= truck loads per day. The residue of the solid waste 
is a sterile ash of about 5 percent of the volumd of the 'waste input, and the ash 
would be trucked to a landfill. -Main economic features are (from Table ll-l): 

• ' City & 

/ University University 



Volume (Tons/Day) 



25 75 



Total Expended Dollars at 1981: Start-up ' $18, 177,000 $19,547,000 

. . .-^ - ' . , ' , a 

o' Annual Operating Credits ' ". ' \, ' ''■ ' 

-or Savings - j ' - ' . $ 4,223,000 $ 4 7373, 000 

o Payback Time of Total System' ' - '.^ 4. J ' - ^ ' 4.8 - 

o Savings/lnves'tm'eht Ratio of Total System .3^8 ° 3.4- 

o ' Interest -Rate of Return on Inv'estment .. 23.-4 22.9 ■ 

■ .. r ■ , . ■ ' ' ' ■< 

The larger volume option would require discussions with the City of Gainesville in 
order to dssure^a supply of solid waste and a mutually beneficial pgr^eement. ' ' 

E. CONSIDERATIONS FOR MAKING THE- lUS DECISION 

In the main body of ^the. report detailed' analyses ofthe current energy posture of the 
UniversitV and the future possibilities are provided. A summary of the basis for 
making the recommendafion is presented.. ' . . 

The University utility monpgers and the lUS feasibi lity. study teom - the HEW F|o^' 
feet Office, thfe ETIP Advisor, -and the Consultant contractor - have together en-^ 
deovored to present a professional technological appraisal of the Universify situation. 
The University executives and the State of Florida officiais will Want to review , 

11-5 



, the recommendation and challenge the fcasis for the recommendation in order to 
moke then- decision. 

"The-fblldwing assumptions hove been incorporated into the study reporti. 

• ^ " ■ ■ • *• ■' .^ " ' ■■ • ■ • ' . ■ 

Jtern ^ Assumption 

o . Natural gas available in 1981 « ' ^ 

at an attractive relative cost. Not probable 

o Fuel ovailobility 1981, burned in 

the present planf if JUS IS nof Fuel Oil 

adopted . " 

o General inflation ^ .4% per year 

Additional construction cost 

escaldtidh . ' 1 no/ ^ 

' ' ' ^ **u/o per year 

o J. ' Additional fuel oil -price 

escalation ^ o 90/ 

•--^/o per year 

o Additional coal price escalation tO. 7% per year 

o Additional electric power price ^ ^ - . ^ 

escalation ' - q% 

, . * /o per year 



lUS pl'diiit life - * ;^ 



25 years 



Unless otherwise stateii, all costs and savings are in dollars brought forward to 1981 
using the abo>^ assumptions or brought bock to 1981 using the State of Florida bond' 
interest rote -of 6.5 percent as a discount rote; 

The decision making risk for proceeding now in on lUS investment program is clearly* 
-ossocioted with en-or in- fudgement of what will happen in the future. The team used 
two prime*economic indicators to evotuate the alternatives considered: interest rate 
of return ory the investment; and payback time. 

The qu^ioji isi^ed: sensitive ate the^ conclusions and the recommendation to 

variations in th^Wput data? The changes in payback period and interest rate of . 
return on the mvestment were tested in<a series of sensitivity analyses, the follow- 
ing observations. con be mode with respect to the recommendatiojp: 

(1) The results ore rejativeiy insensitive to on error of 20 percent plus 
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or minus in the capttaj cost estimate. . ^ « 

(2) A change In the discount rate^'from 6.5 percent to 5.5 percent or 

- Z»5 percent had little'^effect because. of the rapid payback period — 
and the low discount rate used. * 

(3) * Since the additional, operation and maintenance costs are a small 

fraction of total annual costS/ errors of plus or minus 20 papcent 
have little effect on the economic benefits. 

(4) Variations in the economic life of the plant of plus or minus 5 years 
have negligible effect. . . > - 

(5) An increase of plus one half or a decrease of one half of the assumed 
> rate of inflation of 4 percent per year will add or deduct only 2 per- 
centages points to the indicated interest rate of return on the invest- f 
ment. 

(6) A 20 percent variation in the price of either coal or oil would increase 
or decrease the interest rate of return by-slightly more than a tenfh. 

As oil prices increase the coal fired plant would look more attractive. 
WitFiin the range o|coal price fluctuations tested the economic indica- 
tors are excellent. " - 

(7) A general reduction in the escalotic»i of energy costs including pur- 
chased electricity to the projected general rate of inflation of 4 per- 
cent would make the indicators, less attractive. However, the interest 

-rate of return would still exceed 18 percent and the payback period 
would not exceed 6*8 years* ^ 

(8) The "base case" against which the^ comparisons are made assumes the 
existing plant would be burning oil in 1981 . If, in fact, gas is avail- • 

.<able and is burned either orie third or two thirds of the time, the in- 
dkres are unfavorably effected. However, the interest rate of return 
, ' stiil exceeds 20 percent and the payback period does not exceed 6 years. 



The penalty for inaction is dramatized in Figure 1 1-1 . Energy costs for the Univer- 
sity are estimated to be $9 millic^ per year. by 1981 . If the lUS goes on stream 
then those costs are estimated to drop 44 percent per year. (If the general inflation 
drtd fuel escalaHon is higher than assumed, then 'cost savings will be higher than 
predicted and the penalty for inaction will be -higher.) Thereafter the existing sys- 
^t^m cost performance follows the top curve and the lUS system performance would 
follow the bottom curve: - « ' ^ ' 
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F. SCHEDULE FOR CONSTRytTiON . ' . ' 

m *> 

' ' ■ ■ . • * * 

The schedule for construction and moior equipment purchases for the"^ recommended 
option — 12-5 megawatt electric plant and d 25 or 75 tons'peV day solid. waste in- 
cineration pl6nt * is'preseqted \u Figure 11-2, Note that the overall schedule is 
estimated at 42 months. -i - S-^ ' 

In order to relate the budgeting dod fiscal material in Tables 1)-^ through II-4 to 
the construction schedule in Figure II-2, the reader is reminded that the recommenda- 
tion is to proceed now to budget, design and instalLan lUS for start up in 198L 
Presuming that the Universiiy and the State accept the recommendation, the balance 
of calendar year 1976 and the first quarter of 1977 should be devoted^ to -University 
and State review, seeking approval of the capital overlay program and Jlnttiotihg the 
design and construction contracting process. 
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Capitol Coir Inflated to IVojict 
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CunulotiveTotolafExptniM 
Fundi ol Plant Startup 
Capitol Cat Kiquired to Plont 
- -Stortup(]98ldollmf 
7 Annuo! Opcfotinj Cat ,' 
O (i98idoll(n) 

Annual Noting CottSwingi 
Qrer Base Com (1981 doM 
Present Worth ot Net Sovingi 
(1981 doM ,, 
SovinjitolnvcitiMntKotio 
Interest Rote of Return (%) 
Poybock Time loeiudins Intirat 
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Notes 



MENDEOOPTION 

12,5 MW M ElKtrie Gencrotion System with Either of Two leveb of Solid Woite IncinerotioA, 

25 Torn of Solid WosH Per Doy (Univenity Only); a 75 Tons Per 6ay (University »i Conwreiol Coimiinity) ^ 

Cwbinedwith Univenity and Combined wilh ( 
University Solid 



'BoseCoM l2.S^MWi 
os'Baiisfflr + Absorption Chilfen 
^offlporiion ■ +LTHW(2 @ 



University MSW 
lncinerofion25TPI) Waste Incineration 



M,745 



Inerementol 



591 



25TPO 



153 



Coiiwierciol MSW 
iKineroHon 75 TPD 
' Inerementol 



1,691 



University ond 1 
Cofflffleiciol SolU/ 
Waste 75 TPO''^ 



16,a 



FY 1978:- 




2,988 


FY 1979, . 




4,898 


FY 1980 ' 




y 7,005 


FY 1981 




\ 2,550 


FY 1984 






-FY'l99r . 






.FY 1996 


* 


• 





10,017(3 



]7,W 

19,789' 

5,967 

4,050 

71,047 
3.9 
23.3 

4.7 



729 
729 
•183 



lfl<|77 

20,549 

5,784 

4,233 

73,423 
3.8 
23.4 

4.7 



2,066 
23® 



2,066 
2,066 
•333 




19,547 

/ 21,963 
5,634 
4,383 

73,89S 

I 3.4 
22.9 

4.8 



i. The base coe is the extstingsytteniwilh fuel oil a the principle fuel. ' , . 

.2. •|»<»wwdfhct5,Wtonsoflhefln^^^^ 

3. A small copitBl cost IS inciwied in this project to install o steam distribution line' between the iteom plait and the iwdicol center to supply low tenyerelure hot woter (LTHW). 

4. Ktploci existing boiler. * 

5. In plant rollinssftckreplocifMnt. ^ 

.6. Mojcrplonfreplacemwi. ' ' / 

7. Includes solid wale d!spQ(al coils. < 

8. Ccinpofcdtowisllngdiipowlcflilj. 

9. Present vqIuc of net sovinjdnusprwinlvolui of inm^ 

10. ftttentvolueofincftfflenlolscnfingsdMdidbylw^ 

IK Discount role for which poycMt time equols projKt cferoting lift (25 yeors). 
gjg^g line rc<iuired to rtcoycf the^ inltiol invistrwnt, Expendid dolb divided by net onnw] soyiny in 1981 constdit dollfft. 
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Cost Breakdown 
by Category 

Engineering and Fees 

Turbine Generator 

Steam Generation including 
Pollution Control 

General Construction 

. ■) ■■■ 

Solid Waste Efier^ 
Recovery 



TABLE 11-2 ' • ■ 

' 12.5 MW THERMAL ELECllilC GENERATION 
WITH INCINERATION Of UNIVERSITY SOLID WASTE 
(25 Tons/Day) 



Cost Drsburseinents by Fjscol Year 
Based on Plaiit Start-Up in 1981 

» • 

Estimatefd 

Commitment n Disbursements ffl by Fiscal Year 
Date FY 1978 FY 1979 FY 1980 FY 1981 



Sept. 1977 
March 1978 

April; 1978, 
fJw, 1978' 

Oc(. 1980 



., .208 

•ijl,159. 
803 



5 



0 



273 
i32 



1,626 ' 
2,167 

0 



109,,.,: 164 
1,976 ■■ 451 

1,388'^ 464 

«.. 

i. 

3,532 fl,525 



• TOTAL 




0 



675 



675 



TOTAL 



2,988 4,898 7,005 3,279 , 18,170 ' 



o 
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."lABLEil-3 • ■ ■ J 
J2.5 MW THERMAL ELECTRIC ■.GENERATION SYSJEm'' 
WITH UNIVERSITY AND COMMERCIAL COMMUNITY 
\ SOLID WASTE I'NCINERATION (75 WN 



Cost Breakdown 
by Category " 

Engineering and'Fees 

Turbine Generator 

r' 

Steam Generation including 
--Pollution Control 

General Construction. 

Solid Waste Energy 

^ Recovery ^ ' . , ' 



Cost'Disbursement by Fiscal Year\Bafed 
on Plant Start-Op in 1981 , 



Estimated 
Commitment 
.Date- ■ 

Sept. 1977 
March 1978 



Nc^.-i978 



Oct.. 1980 



Disburseinents' (QOQ).by Fiscal Year 
FY 1978 .FY 1979 FY 1980 "FY 1981 



,818 273 



0 



' 0 



•109 



2P8 832 ^ ■ 1,976 



'1,159 1,626 .1,388 
803 2,167 '3,532 



263 
45! 

464 
1)525 



0 Vl,913, 



: TOTAL 



l,m ,4,898 7,005 . 4,616 
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TAfiLEIN: / 
INCREMENT OFfe'OMDE|jOPriON 

6.25 MW Thfffliol Elictric GtMfotlon with IWkt of Two Livtli of Solid Wat^^ InciMfotlon, 

25 Tom of Solid Wati Per Day (University Ohiy), or 75 Tom Per Ooy (Univirti^ oni Convntitiol Comnuntly) 



BomCom i.25MW 



,UniverjityMSW 



Coifibine^wlth 
Univeniiy Solid 



UnivenlNond 



Coirfttnedwith 



Comr^iolMSW IMIvinily ond 



'Mh +Abioq)tic« Chita. lncinerfltfon25TPO Wote lociiwotlon ^lncinerotion75TPO ^ Cownerciol Solid 
Cofl^rn UTHW®® Increwntal 2SJP0 Incrtwntol W«le75TPO 

0 . ' 



C<pitol'CatRiquirfi)loPlan> 
S»ffnip(!?76dollan) 

Ctp!iglCciMnf1otidto!Vo;ict 
tM*fi DiiburwMttf 



2 Cmiotivt Totol of Exptndit 
fwAotPlont'Slcrlup f 

Capitol Coit Required foPlont 
Skrtup[IfS)dolM 

AnnuolOptrofingCoit 

• (1981doM ' ' ' 

Annuol Operating Coit Saving ^ 
Over Boe Com (1981 dollari) 

PreientWofthofNetSoifingi 
(1981 doM , ' ® 

Sovingi tobtstmentRolio ® 

ln»(rolllalt'ofltihni(%} <9 

Payback Ttnt Incivdiflg 
lnt(r«t()Wj) 



FY 1978 
FY 1979 
■FY 1980 
FY 1981 
FY 1986 
FY 1991 
FY 1996 



1,1581 
1,4161 



8,640 



1,433 
2,242 
4,748 
1,429 



591 



1,416® 



) V 



9,847 



11,098 / 



10,017(7) ' 8,008., 

f' > .'2,009 

• ■ . 34,799 
3.4 

■ 2.0 

■ 5.0 



729. 

11 1 



. 729 , 

I 

729 *^ 
-304 • 
304® 



9,231 



1,433 
2,242 
4,748 
2,153 

1,430 ffl® 
1,042® 



1,691 



'10,576' 



■11,851' 



7,704 

2,313 

39,594 
3.4 
, 22.8 

I 

5.0 



2;066 
23g 
29® 

3,120( 



2,066 , 

2,066 

•463 



10,331 

P' ■■. 

1,433 

, 2,242 ■ 
4,748 
3,490 
'231 

I, 445M 
■3,120® 

II, 913 

13,230 

7,545 

i,472 

40,44> 
3.0 
22.4 

I 

54 



Sttloblil lor Explanation of NoM. 
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TABLE 1.1-5 

•JUS TWO PHASE INCREMENTATION WITH COSTS DISBURSEMENTS 
BY FISCU YEAR BASED ON PHASE 1 PLANT START-UP IN 1981 

PHASE 1 - 6.25 M.W THERM AL ELECTf^C GENER ATI gIj SYSTEM 
W'lTH UNIVERSITY SOLID WASTE INCINERATION 925 TONS/DAY) 



* - Cb$r Sraokdown 
by Category ' 


bfimafedj 
Comm!tij)£l#' 
Oafe 


ft 

' FY.1978 


DisburMmenfs (000) by Fijcal Year ^ 
FY 1979 FY 1^6 \FY 1^1 


r • 

FY 1982, 


• » 
. Engineering ond Fees 


S«pf. 1977 


474 




85 




0 


'Turbine Generator 


Morch 1978 


112 


447 


1,062 


242 




# 

Steam Geneiotion including 
Pollution Control 


April 1978 


. 594 


813' 


' 731 


. ♦ ^ 

. 238 


0 


General Construction . 


Oct. 1978 


253 


829 


<2,870 


; 927 


0 


Solid Waste Energy 
Recovery 


Oct. ]9S0y, 


0 . 


o' 


• . ' 0 


675 ' 


'0 


a 

Sob Tolol,^ Phase 1 




1,433 


2,242 


• ■t,748 


■ $153 


0 



Totoi 



PHASE II - 6.25 IVC '^C'THERMaI ELECTRIC GENERATION SYSTEM . . 
WITH COMMERCIAL COMMUNITY SOLID WASTE. INCINERATION (50TONS/DAY) 



783 
l/863 
2,376 

4,879 
675 ' 

10,576 



Engineering and Fees 


Sept. 1978 " 


0 


„ 383 


118 
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707. ■ 
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Turbine Generator 
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Steam Generation including 
PoHution Control . 
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■ :.o 


4 

574.. ■ 


It 
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• « 


1 

o671 


239- 

■ ,» ■ ■ . . . 
t ' ' ' ■ 


2,364, 


General Construction 


Oct. 1979 


b 


210 


4 6 

559 • 


l,432l 
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3,288 " 


Solid Waste Energy 
Recovery 


Oct. 1981 


0 


0, 


0 


0 
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1,306 


1,306 
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1,433 



1,268 
3,510 



6,711 
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3,179 



2,945 
2,945 



. 9,355 
19,931, 



III. ' SITE DESCRIPTION ^ ^ 

A. HISTORICAL • " / \ — 



lo- 



The University of Florida is a combined state university and land-grant college Ic 
cated.in the northern center of the State. While its beginning goes back to the days 
previous- to Florida being admitted to the Union ini845, its first" col lege, the College 
of Arts and Sciences, did not open until 1853^ A few ye ca-s later the passage of the 
'Morrill Act provided lands for state institutions of higher learning which would prcH 
mote agriculture, mechanical arts and militarv^ciiefK^e, resulting in the beginnings 
of the College of Agriculture, the College off ngineJ^ng, arid the'Agricultural 
Experiment -Station. ^ ^ . . - i 



By 1905/here were a half-dozen state suppopted institutions of ^higher learning Jn - 
Florida, located in various parts of the State <wid struggling for existence. At that 
time the Florida legislature took a step unprece^lented in the history of education 
in any state by passing the^Buckman Act, which abolished the six State Colleges* 
and provided for the establishrnent of two new institutions of which tfi^ University 
of Florida wds one. It was established for men, located in Gainesvitle and placed 
under the direction of the JBoard of Control, a body createcl by the Buckman Act. 
In 1947>he University was made coeducational. The nine member Board of Regents 
• replaced the Board. of Control in 1965. ^ . . 

B. PRESENT ... / 

The University of Florida is currently the largest of the nine universities in the 
yorida State Univ^ity System. The seventeen major colleges located on one cam- 
pus include the University Col lege /<Col lege of Agriculture, the College of Arohi- 
tecturQqnd Fine Arts, the College <^^ts and Sciences, the College of Business 
Administration, th^ College of Dentistry, the' College of E<fucation, the College of 
Erigiheerihg/ the' Schobrd^ Forest Resources :ondC&nservatiori, th'e..C^ ofTiealtb' 
Related Professions/ th^ College of Journol ism and Communications^ the'CpJfege of 
Law, the College of AAedici he, the College of Nursing, the Colje^e orPhcrmacy^ 
the College of Physical Eduqatipn, 14ealth, bnd Recreotidn, and the College of 
Veterinary Medicine. * - ^ - ' 

C. " CAMPUS POPULATION PROJECTIONS' ^ 



Planning at the University of Florida is not based upon the idea of perpetual ^owth 
in numbers. In fact, it is evident that enrollment will level off based upon the 
following observations: . . . V ' ^ • ^ 

(a) At present there are nine state universities and twenty-height 

public community colleges— -an enormous increase of such 

MM 
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facilities during recent yeca*5« • • 

(b) Recent surveys indicdte a decrecrse in the percentage of high 

^ school graduates who plan to enter college. 

■(c) Since \957, there has been .a steody decline in both the relative 

and\absolute birth rates* The country is below the zero. population 
growth level with the relative birth rate being only two-*thirds the 
" , 1957: figure. v 

■ . . . * ■. .: . \ ■; V' ■ . ^^ • ' ' ■■ 

(d) ^ From 1976 to 1990,. the projections are that there w-ill be fewer 
^sJ<^ students entering' the higher education pool . This is, relatively 

certaih because those future students are already born>. 

ThiJSr it wouljpl' appear that the period of accelerated growth in nunr^ers for the uni- 
versity enroliment is over. One advantage is that now it should be possible to have 
buiicJings and utilities ccitch up with the needs. Now the University can concen- 
trate on providing continying growth^ in quality of both th6 academic programs and 
the physical plant. ' ^ ■. . 

A continued student populdtiorl growth is anticipated although not at the accelerated- 
rate experienced during the 1960's. Present full time equivalent student enrollment 
is 24/000 with a faculty of ^,500 qnd a staff of 7,500. Population projections which 
have been furnished by the ^niyersity of Florida indicate o full time "equivalent stu- 
dent enrollment of approximately 27,800 in the 1979-1980 school year and a total 
c<vnpus 'population, considerrpg students, faculty and staff, of 44,000. 

' ■ ■ ■ \ ^ * r . . ■ . V- ' 

D. SETTING \ V 



The University of Florida i^ Jocdted.in Gainesville, a city of approximately 75,000^ 
exchiding l]he University of Florida students. north central Florida, mid- 
way between the Atlantic Ocean xind* the ^G Mexico, the city is known as an 

agrtcuiturol dhd small industrial center. 

\ - • 

E. CAMPUS LAYOUT ' 

. ^ , ■ ^- : ■ • . . 

A map of the campus i^shown' in Figure 1)1^1 . The <;ontigupus campus encompasses 
1,900 acres with o buifding iFioor space of 7, 800, 000 square feet. The original 
campus wos'located in th^ northeast corner of the present campus with expansion 
occurring tcwdrd the 'sou/rh arid west. i . 
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F. EXISTING UTjLITiiaMl^S 

The Universi>y has sf^am ger??H^^Sfei!lti hf^ing and cooling. A 

K-^mall backpressure steam f"urbin^5^enerotor generates. a'mmor "port Fon of the electric 
power requri^ements. The'Universjty lias sewage treatment. facilities and operates a 
solid waste collection and diisposdl system*. - The location of these facilities has been 
identified on the campus map shown in figure Ill-l. Additional utility require- 
ments such>as electricity and potable water are purchased from outside sources. 
A detailed description of the existing utility systems is given in the next section. 

* . . . ' 

Expansjon plans on utilities and facilities continue to be -drawn up" while others are 
executed* A ten year study and expansion program was developed in 1964* 
The campus facilities have since increased almost two^f<5 Id. A second ten year 
^projection and expansion program ^^was inftiated in 1973, 

G. FUTURE GROWTH OF PHYSICAL FACILITIES 

The University of Florida Division of Planning and Analysis has prepared on Antici- 
pated 10-Year Renovation & Replacement Program which describes present 
planning for the construction .of new buildings and the renovation of existing facili- 
ties. Since a major portion of tfiis program is for renovation and replacement, future 
gross building space is not anticipated to increase significantly* However, the re- 
novation program is anticipated to add to the central utility load as local heating 
and coolin^^units are^retired and the building^ loads are connected to the central 
plant. ; ^>> 

H; feASIS FOR PROJECTING NEEDS ^ 

♦ » . ' ^ . . 

Forecasts of future requirements fo> utilities, presented in this report, "have be^n 
basec|upoij (1) populatio^ projections, (2) planning forecasts for- future budding 
constn)gtioh and renovali?^^^ growth trends in demands foi* utili- 

, ties. "Each prov^id^ data which necessarHy influence the other two. Therefore, J'^ 

these datg must be carefulJy^^alyzed in order to achieve a high degree of 
, accuracy. 

Many programs do not follow the historical per student i:t'!fW r.seds. The College 
of Medicine began its operation in 1956 and now accepts 70 students annually in 
its four-year program* leading to an M.Dc degree. The Medical Center, including 
Shands Teaching Hospital and related .facilities^ produced a much higher than 
normal per student demand on the utilities system v^The largfe mcreose in;research 
profects carried on at the Univer^ity^gpi^duGes'd^ utilities unrelated to 

student enrol Imjent. W foreckasting utility npeds/based solely upon enrollment 
prbjectiori has proven unsatisfactory^ subsequ^rft e>^perience has demonstrated that 
utility projections can be made with satisfactofy ajccuracy by properly accounting 
for *the nature of the intended use . f • 
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IV. EXISTING UTILITY SYSTEM 

A. ELECTRICITY . ' 

1. . Source of Elelctriclty 

H ^ ' 

A 1,000 kW backpressure tufbme/generotdr at Heating Plant No^ 2 generotes aieproxi- 
motel/ 5 percent of the total electricity consumed by the Universi^fy. The remclining 
electricity is purchased from Florida Power Corporation which supplies the power 
through two 69/23 kVA transformers at its substation on campus. Th^ substation is 
located near Heating Plant No. 2 in the southv^est seQtion of the campus. Power dis- 
tribution from the substotton to C52mpus distribution vaults is at 23 kV.. This >>oltage 
IS transformed to 4 kV at the vaults and then fed into the campus grid system. 

In 1975 the University consumed 124,338,000 kilowatt hours, of which 118,338,000 
Icilowott hours were purchased from Florida Power Corporation with the remainder 
being generated at Heating Plant No. 2. The existing contract between the University 
and Florida Power Corporation provides for on-site power generafion in parallel with 
purchased power* The contract clause is shown as Exhibit I. 

The University has minimum on-site emergency operating capability. When the med- 
ical center was constructed in. 1956, an emergency power supply was installed. Since 
that^ime the fdcility has tripled in size with rto increase in generating capacity. The 
syitem was designed to provide power for operating-rooms, hall lights and two elevators. 
There is no emergency power for air conditioning, even in the operating >c>6rrel The 
University has no other substantial emergency gjfnerating^^ggacity . 



Electrical Loads 



< 



The historical and firpiected elecfrrcdriodd^ for the University are pl^esented in 
Figure IV-1 . As is shown,. tKeire has been a significant historical annual increase in 
demand and consumption. The observed de*crease in grew th of both the peak and the 
average loads is atrributed to energy conservation measures. The peak purchased ^ 
electrical demand for 1975 was 24,300 kW, Further r-eductions* in load by conserva- 
tion measures ore not anticipated without implementation of a retrofit program or a 
load management system. The projected demands on consumption have beep* made oa' Hie 
basis of previous utility expansion studies, planned bu^Kng programs and consultation 
with plant personnel. ^ 

The hourly load.ci|rv4s in Figure IV-2 indicate that the kilowatt demand during each 
season peaks beWi^erHhe hours of 1:00 p.m. and. 3:00 *p.m. Figure lV-3 gives the 
doily electrical conswn^^bn profile at the University for T975. The profile is rela- 
tively uniform durin^dch season. As indicated in Fi^re IV-2, there is a significantly 



ERIC 



3S 



45 



35 



30- 



■•it 




HISTORICAIAND PROJECTED 
ELECTRICAL LOAD 
UNIVERSITY OF. FLORIDA 




■ ^ PROJECTED LOAD 
' ^ ^5% GROWTH RATE 



> PROJECTED LOAD , 
' .@ 5% GROWTH RATE 



LEGEND 



0— HISTORICAL 

♦•-.- PROJECTED , 



1966 1967 1968 1969 1970^^1971 1972 • 1973 1974 • 1975 1977 ^^^^^^^^^^ 1982 1< 

I' ' ■ . 1 ■ _ ■ 

ERIC 



1984. 



FIGURE IV-'l 



37 



GROSS KILOWATTS - PEAK DAY 



25 1 



20- 



5 



T ,15- 



z 



S 



SUMMER 




MINIMUM FOR THE YEAR 



12 
M 



-r 

4 



-p- 

6 



8 



—I — 
10 



T ^ 



12 
N 



T" 

6 



8 



HOURS OF THE DAY 



HOURLY LOAQ^CURVES DURING THE PEAK ELECTRIC 

L0A5 DAY OF WINTER, SPRING, SUMMER AND FALL qp 1975 



LEGEND; 



SUMMER, MAXIMUM ELECTRICAL LOAD DAY, SEPTEMBER 



~ FALL, MAXIMUM ELECTRICAL LOAD DAY, OCTOBER 
WINTER, MAXIMUM ELECTRICAL LOAD DAY, MARCH 



SPRING, MAXIMUM ELECTRICAL LOAD DAY, JUNE 

MINIMUM FOR THE YEAR, DECEMBER ^ 



' FIGURE I V-2 



Wer average electrical load during the winter. As is discussed urider.the chilled 
water section, ^his lower load is probably doe to the lower air conditroniitg re- v , 
qoirements during the w'mter. The load duration chart shown in Figure iy-4 indi- 
cates that the electric demand is abov^e 10/000 kW for 7,200 hours of the year, 
and above 16,000 kW for less than J, 600 hours of the year. ' 

^ . ■ ■ '* 

■ % ■ ^ • 

3* Cost of Electricily ^ ^ , 

The etcisting contract between Florida Power Corporation and the University oi' 
Florida (Exhibit 1) outlines the electrical demand cbcrge, overage electrical cost 
and the fuel adjustment charges. Electrical power costs, including fuel adjustments 
and demand charges to the- University; now average $0; 0263 per kilowatt hour. ^ 
Operation qnd maintenance costs for the electrical distribution system were $162,000 
during the 1975/76 season. ^ ^ - ■ i. ^ 

• ■ • • ^- ' . ■ V • ' . •- 

B.' STEAM - ' . ■■ \ r ' 

1 , V Stedm Generation . . 



Steam generation was originally dt Heating Plant No. 1, located behind Weil Hall. 
The plant was first installed as a cool-fired operation but was later converted to an 
pil/gas-fired system when these fuels became readily available. Because of ^uip- 
ment age and economic consideration, the steam generation facilities at Heatihg 
Plant No. 1 have been retired. Steam is now produced at Heating Plant No. 2 and 
distributed through a system of iUndergroUnd mains and. branches to the campus byild- 
ings. Some buildings that are remote from the central campus^ hove local heating 
units. — .1 

a. Heating Plant No. 1 ^ ' . ^ . . 

This plant now operates as a pressure reducing and steorti distribution centec with 
Heoting Plant hJo. 2 supplying the steom.^ Various intfer-building steam supply 
systems ore'fed from^ Heating Plant No. 1 . The plant also serves' as a collection ; 
center for condensate from the older section of the campus. . . ' 

b. Heating Plant No. 2 

Heating Plant No. 2 was placed in operation in 1S?57 and initially served an isolated 
steam distribution system;. Low pressure interconnections wenp later mode allowing 
TTnlfted interchange between Heating Ploht No. 2 and Heatirig Plant No. .1 . 

A 12 inch, 2^0 psig st^m header was installed to interconnec^ the two plants in ; 
1967. The plpnt; whose steam gienerotinsf fequipment is listed in Table IV-1, now 
generates oH the steam used on campus. • ■ \ ' , 
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TABLE IV-r 

EXISTING STEAM AND POWER GENERATING FACILITIES 
• " >. " • STEAM GjENERAJION 



BOILER.. 
' NO. . 


I, ..YEAR 
\ INSTALLED 


MANOFAcfuRER 


OPERATING 
PRESSURE, PSKat 


STEAM ■ 
TEMPERATURE .°F 


~7r " 

BOILER 
CAPACITY LBS/^R 


FUEL 

• 


' t 




. ^ ■ . 

: ' COMBUSTION • 
ENGINEERING 


250 


. 500 ■ 


60,000 


qil/gas - 


2 


1957 


■ COMBUSTION 
ENGINEERING . 


250 ' y 


>^ 500 


60,000 


ohl/gas 


3 


1967 ' 

* I. 


UNION IRON WORKS 


250 ' ; 


■500 


120,000 • 


oil/gos 




J973 ; 


■ ■ NEBRASKA' 
BOILER COMPANY 


235 . 


■ 500 - . 


'50,000 


oil/gas 



• POWER GENERATION. 



TURBO- 
GENERATOR 


YEAR 
-INSTALLED 


% 

• S ♦ *' . ■ ■ ' 

* ■ ^. 

MANUFACTURER.;' 


CAPAClffr- 

' ■ .,Kw \; . ,' 

■ ■ ^ 


THROTTLE 
'pressure, PSIG 


■ .TEMPERATURE F, :':- 


•V ' 

.. ■ 1 ^ ■• 

r ' 


. "... ■ 

: / '1951 . 


^,^LL^GT COMPANY 

• ' i" ' ■ . 


^ ■■ . ■ 

• ; 1000.: , , ;, 

1 • 
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,f^ent grqss installed generating capacity is 290,000 poun^ hou^. This c'opqr 
city will increase to 4T0, 000 pounds per hour when the 120,000 pounds per hour 
boiler, preseritlyjurKler construction'/ goes into operation in 1977. 

2. .'Stedrn Pistrifautron - • - 

Steam frbm Heating Plant No, 2 is supplied to Heating Plant No. 1 at 250.psig 
pressure. ,At Heqting Plant -No. 1, the pressure is reducied to. 60 psig and then dis- 
tributed to the campus. Thcs 1,000 kW steam turbine dt Heating Plant'No.. 2 ex- 
hausts into the distribution systen^ at 60 psig. The distribution system ipcfudes 
approximately 20 miles jof.underground stedmond condensate lines. At the buildings 
the pressure is reduced to 15 psig and passed through heat exchongiers to produce lipw 
temperature ho^atec For intra-building space heating. The central heating plant is 
estimated to service7>6 million square feet of space. Some interconnection and 
. looping of the 60 psig distribution system has been installed. 

the campus drainif^to collecting tanks inside Ijeating Plant No. 1. This condensate 
is pumped to. a storage tank and then flows by gravity to Heating Plant No. 2. 

3. Steam Cbnsumpti on and Demond * v ' 

Steam demand has been increasing steadily as evidenced by the rise in consumption 
from305'million pounds in >958 to 984 million pounds in 1975. Peak steam demand 
; in 1974^5 was 152,000 pbunds per hour. Figure IV- 3 shews th^ doily steam con'- 
sumption during 1975 with the peak- day ccmsumptionior each seiasoh identjfied. 
The relatively flat profi le suggests that the steam demand. 'and* cc)rts'umption. are uni'-. . 
form throughout thej yeari< The;" hourly steam ^qod curves^ in FiguTre IV- 5 also indicdte 

that steam demand for a given day for each season is relatively constant.^ 

. .» • ■ . ■ . * • ■ ' " ^ ' , . k ■ . . 

The Steam load duration curve given in Figure IV-4 shows that for less than 10 per- 
cent of the time, the steam load is greater than 1 25, OiX> pounds per hour. The curve 
also shews that for more than 90 percent of the time the steam jood 'S greater than 
90, 000 pounds per' hour'. : - / 

Figure IV-6 shows the historical and projected steam requirements of the University 
of Florida combined Heating Plants No. 1 and No. 2. A generol upward trend in 
consumption^ has been exp^ienced wij^ some reductions due to-ene>gy conservation 
measures which were instituted. Steam consumption is expected to increase with the 
planned renovation and replacement jcsf University facilities. S 

. Historical peak Steam demands are available for. only the last foGr yecrs, Recordsv- 
for the years 1 970 and ecrlier ore not ovai lobb , However, peaks for the, years 
1958 through *1 964 were available in a previous utility report. Peaks for the years 
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1965 through 1970 hjqve been estimated from generation totak using load factors, 
the average dnijual ratio of generation rate to the ^eok generation rate> starting in 
19i65 with 51 percent and increasing'2 percent per year. Ah interesting characteris- 
^c of the histcri^ol steam I o^d characteristics is the increase in load factors from 
25percent in 1958 to the present 65 percent. 

4. Cost 'of Steam . \ 

The cost of fuel for steam generatidn in 1975A6 was $970,000 while maintenance 
costs for the steam distribution system in 1975/76 were $100,000. In addition, 
there is an on-going maintertance and replacement program for steam and condensate 
piping. The 1973 University of Florida utility study recommends replacement of 
. 10,000 feet of piping.in tw6 increments. A design service life of 30 years for 
field erected boilers suggests that replacement of boilers Nos. 1 and 2 will be re- 
quired in 1987. A design service life of 25 years' for package boilers suggests 
that boilers Nos. 3 and 4 will require replacement in J 992 and 1998 respectively.^ 
Costs for these replacements are included in the Economic Analysis section. 



C. CHILLED WATER 



^ • Cooling System 



} 



The policy since 1 956 has Been to incorporate oir conditioning into new classrooms^ 
.and office buildings. Conversioriof older facilities began in 1958 and is continuing. 
As shown in Table IV-2, central ehi Med water production is provided by one 2,400 
ton steam driven centrifugal chiller, two 1,750 ton steam driven centrifugal chillers 
arid two 400 ton electric driven- centrifugals. These chillers are located at the 
Walker Hqli Chiller Plant and Heating Plant No. 2. Two 1,200 ton electric driven 
chillers are presently being installed at Heating Plant No. 2 to replace three 700 
ton steam jet refrigeration units which have been retired. • 

^fis q result, of a i*ecent cenital air condfrjoning feasibilrty study, the University has 
begun d ten year program to increase the present combined central chilled water 
generation capacity of 16,000 tons. This capacity will supply new building loads - 
that ore planned for that period . - The future plans include the addition of d third 
central chiller plant located at the site of Heating Plant No. Tin 1977. While the 
refrigeration machines presently being instal Iqd or scheduled for instal lotion are 
electric driven centrifugals, fu^re installation could be absorption chillers iiF they 
w^e prpven to be advantageous. . ^ j ' 

2. Chilled Water Distribution^ 

"gnl^-^istlng central distribution systjms originate from two locations, Heatipg Plant v// 
Is-Sfan! and the Walker Hal I Chi I ler /lant • They are al \ underground, two pipe ^ ♦ 



CHILLER^ 
NO. 




YEAR 
INSTALLED 



1957 



1970 



1970 



TABLE iV-2 



EXISTING CHILLER EQUIPMENT ' 



MANUFACtURER 



Worthlngton 



Carrier Corporation 



Carrier Corpcrofion 



CAPACITY 
(TONS) 



2400 



1750 



1750 




TYPE (ELECTRIC/StEAM) 



Steam Turbine Centrifugal 

giiiier r 



, Steam .Turbine Centrifugal 
Chiller 



Steam Turbine Centrifugal 



LOCATION 



Heotii 
Plant '2 



Heotii 
Plant '2 



Heating 
Plant '2 
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sy^r^^eatd they were origirifllly designed to afford sufficient pressure In the distri- 
bution pUmping sy^em to provide chilled water flov/ irei^^ 

without budding pumps. However/ at least iwol)uildings connected to these exist- 
ing systems\^e building punjps installed as a result of problems experienced within 
the distrtbunon loop. AdditionafvchlUed water lines are to be installed^ as the cen- 
, tralization of the chi Her. plant takWp lace and the refrigeration machines are in-" 
staUed. 

3, Cooling Loads • * ^ 

F^sent air conditioned space is estimated to cover 6.1 million squcre feet. Most of 
this load is not connected to the central chilled water systems but is serviced by 
unitary building systems. Metering has only recently been installed to record the 
chilled water- product* on at Heating Plant No. 2. Cooling loads supplied by • 
Heating Plant No. 2, <^ shown in Table IV~3, have been estimated on the basis of 
assumed equipment utilization factors and available electrical meter readings at the 
Walker Hall Chiller Plant. . . > T 

4. ' . C^tof. Chilled Water ! ^ . 

^ Available plant records do not distinguish between steam used to generate chilled 
water and that used for heating purposes. Both heating and cooling occur through- 
out the year, the cost of fuel for steam generation is giyen in the discussion on 
steam which appears earlier in this report. ^ 

The operation and mointenance expenses for the steam distribution system in 1975/76 
were $88,000; An increase in the cost of operating and maintaining the system can 

be expected as new buildings ore connected to the system. 

- • .- vkt. ■■ ■ 

D. TriERMAL/ELECTRIC LOADS . ' 

The monthly electrical and steam loads are given in Table IV-3. The electrical 
loads include both tijsiourchased power and an average production of 700 kW by the 
existing 1,000 kWb» CK^&sure turbine.^ • 

f Metering devices have only recently been installed to distinguish the use of steam 
for distribution for heating and chilled water production by the steam turbine driven 
centrifugal chillers. An estimate of the heating. and cooling provided by Heating 
Plant No. 2 is included-in Table lV-3. Tb estimate the split in steam, use, monthly 
eleciricdl readings for the Walker Hall Chiller Plant were used to estimate the, month- 

- ly cooling load profile. The computed steam turbine driven chiller energy require- 
ments and the energy requirements for the 1,000 kW backpressure steam turbine were' 

g^Kted from the steorp etaergy to estimate the steam energy distributed to the cam- 
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A schematic diagram of the existing thermal distribution system is shown in Figure IV-7 

E. SOLID WASTE MANAGEMENT 

fresently the solid waste generated dt J^he University is transported to a sanitary 
landfill which is under the jurisdiction of Alachua, County. Figure IV-8 illustrates 
the existing solid waste management system. The dependence on this approach fo 
waste managernent by the University has been largely influenced by operational 
costs and land availability. However, with operational costs ot) the increase and 
land availability no longer a sure commodity/ alternate methods for solid waste 
monagement ore being examined. . ^ 

1. Collection and Disposal 

The University owns and operates its own col lection^ system. Pickup is on q daily 
basis by three one-man froqt end loader trucks witK two having 31 cubic yards ca- 
pacity and one having 25 cubic yard capacity. Present figures indicate that approx- 
imately 7,000 tons were collected for the year 1 974/75 . . The waste is compacted 
during the pickup process. No waste segregation is procticed.^^ Resource recovery . 
at present is limited to aluminum cans, which are picked i/p by on aluminum firm 
for recycling. Sanitary landfill accounts for all solid woste disposed by the Uni-^ 
versity with exceptions being dried sludge, animal' waste, leaves' and bushes, and 
aluminum cans which are disposed of separately. There is limited incineration at the 
Medical Center and the Animal -Husbandry Department. The Medical Center incin- • 
erator is^ed to dispose of toxic and pathogenic materials and the Animal Husbandry 
Department incinerator is used to dispose of animal ccrcasses. The rest of the solid 
waste at these locations is collected and compacted for landfilling. Dried sludge, 
animal wastes and leaves ore used as soil conditioners. 

'■' • ..... A • „ . ' . 

2. Cost- : • - .' ■ :• ■ . . 

Solid waste disposal costs hove been increasing in part because "of the increase in 
land value and also because of the increase in volume of the waste handled. During 
fiscal year \97A/75, the dump fees to dispose of 7,000 tons of solid waste amounted 
to $20,000. Operation and maintenance cost during the same period was $47,000. 

F. POTAB ^ V^^AT ER 



ThejCity of Cainesville presently provides all potable water to the University. The 
University distributes the water to all on-campus buildings* and maintains its oyvn 
distribution system. The distribution system consists of several thousand feet of 6 to 
12 inch mains with average pressure in the system ranging from 50 to 80 psi, depend- 
ER1C°" elevation. With water rates scheduled by the city to. rise to 67(? or more per 
™H^0O gallons, there is the possibility of the University generating its own potable 
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water, and studies ( 3 ) hove been perfonned that, show such an option is jeaslbje'for the 
University. 



Demand ; : . ■ . . . ••• • . 

Potoble water consumption in 1974A5 was.84V*B8j}jion gallons'^ Current average 
daily flow is 5 .2 million gallons per day with a p^ demand of 2,9 million gallons 
• per day. ITieTjeak load hos been increasing gradually. It is expected to reoch 
5,600 gallons ppp minute in 1978 as compoced to 4,700 gallons jDer minute in 1973. 
Between 1978 and 1983 a 4 percent Increase is estimated with a projected peak de- 
mand in 1983 of 5^00 gallons per minute. , ' ■ 

■ . : * • ■ •■ . ' * ■■ . , ■ 

^ 2. S£2L . 

The present rate charged by the City of Gainesville to the University is 31."5<? per V 
1 , 000 gal Ions . Projected operation and maintenance of the distribution system itj 
1975/76 was $7,e0O.Nthe cost has not varied significantly i^he past. An in- 
creasi^.in the cost of op^ting and maintaining the system can be expected in rela- 
tion to the number of new buildings being connected to the system. - . .. " / 

A new ordinance (20]9-0-75-l 9) adopted on Februoy 17, 1?75 by the City of 
Gainesville provided'for a new* rate structure. This adinance also establishes , 
additional monthly charges for fire hydrants, front fbotdge charges and. identifiabji 
internal connection charges* The effecW the ordinance will be to increase by 

^ approximately 300 pengent^the water charges the University pays to the Cfty of 
^qinesvi Her This prompt^ the University into making a study to determine the 
feasibility of the Unfversity of floricia constructing and operating its own water 
treatment.facility-insteod^of purchasing water from the City of Gainesville. The ■ 
study ( 3 ) concMecj tnat it would be economically sound for The University of 

. Fl*tda to constnjc^t^ond 0^ 

•G. ' SECOND ARymTER ' - ^ ' , 

'vjrrigation at the University of Florida occurs throughout the yeclpSecohdary water 
/pufi^ from wells, ponds and treated effluent from the sewage plant is u'se^for irri-' 
gation. Portd and well water are used for cooling tower makeup. 

« ■ ■ • ' 

1 . Demand 

■ * 

Although irrigation is intermittent, there is an ever present need for it at the Uni- 
versity. Jhere qre no records kept on the amount of in-i gation water used. The use 
of wellwater for irrigation does have a drawback in that it has a high sulfur'content. 
The hydrogen sulfide odor (e.g. rotten eggs) emitted in areas irrigated with well 
woter is quite noticeable. ; ' , <3 



Vnt o^QWoriAnd maintenance' cost for irrigation in 1975/76 was ^8, 000. An 
odcHtJonal cost of $27,300 fopwatering flowers, trees and other plants" was incurred. 



/ SEWAGE 



* l. " Sewage Treatment Focfltties . ' v / 

The University has its own sewage treatment plant which is located in the central ^ 
utility area. Its facilities consist of a contact stabilization plant which was ex- 
panded in 1^7/68, and q trickling filter pl^t which Was placed in full operation In 
.1948. The. plant has undergone considerable upgrading in size and quality since be- 
coming operational . It has also been used for experiments arid research by the Uni- . 



versiiy of Florida favironmental Engineering Department." 



i 



The present average daily flow to fee facility is,2.3Kmilli^n gallons per day with 
iViaxi mum intermittent, flews of 196 percent of oyerage. The present design c6pacity 
of 3.1 million gallons per day is not expected to be reached" until the mid 1980 's. . 

, ■ ■ • . ■■- ■ " ■ " - • . . ■ . .r - . 

2. Sludge Collec tion • 

■ *.•.-'■.- . • ■ - ■ . ■ . 

1 N ■ - - ■ ' ' 

•Sludge from the digesting tanks is discharged into 13,275 square feet of sludgfe sand . 
drying beds. When, dry, th^ sludge is loaded on trucb'ond transferredl to a storage 
sife to be used <k b soil conditioner for landscaping pupfSoses on University grounds. 
Dri^ sliidge removal from tlie drying beds is on^ a weekly basis ^' An annual, volume 
of 420;cubic yards of this materiaUs rembveS^f^^ : 

3. Waste Water Usag^ " / V . V - ^ ' 

Most of the waste water (treated effluent) leaving the treatment facility eventually 
discharges into Lake Alioe. About 5 t,o 6*percent (37 million gallons per year) of 
treated effluent is used for irriga^on purposes as is shown in Figure IVt9. 



4. ' Discharge Regulations 



The treatment facility currently meets all federal and state discharge regulations. 
Constroction Improvements are presently being nwde to ensure high performance 
levels through the next decade. " ^ ^ * 

. ■. • . , . ■ ■> ♦ 

A regional waste water treatment facility, lake Kdnopaha Sewage Treatment Plant, 

under construction. And, the Florida Department of-PoIlution Conlroi has 
wsswied the University that prbvisiions should be made to connect to the regioaal :■ ,. j< 
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woste wafer system when this foci lity becomes ovai lablel Alternates to constructing 
the costly interconnection are urKJer sf^dy. < * * 

The Environmentar Protection Agency issj^ Notiohdl PoMution Discharge Elimination 
: "System (NPDES) permits to facilities |p conformance with applicable and approved 
Section 201 and 208 (of the Federal Water Pollution Control Aq|(FWPC A)) area- 
wide plans* The Alachua County 208 plon is presently being developed and the role 
of the University .sewage treatment facility in this plon has not been determined * 
. Treated waste water discharge to Ldce Alice could possible be limited or denied to 
allow Lake Alice to meet water quality staadards os a receiving water body. ; 




rational Costs 



The cost of prc)cessing row sewage to .the point whiere i? is discharged into* Lake Alice 
IS about $0.24 per thousand gallons. In 1974/75, the c<^of treating all , the dis- 
charged sewage was $132,660, Excluding disposal costs. 

Dried sludge is collected using the sonfe equipment and personnel used fqr collection 
and* disposal of solid waste and none of the cost of sludge disposal is included in the ^ 
total solid waste cost. Pper<if!^bn and maintenance expenses- for plant and lift sto- 
tions amounted to $53,000, No significant i necroses or^ expected in the operation 




V. ENERGY AVAILABI LrFY AND PRICE ^ 

• . ; ■ — " ^ 

This country 1$ in a period which is unique in its history with regS^d to qvailabil- 
Ily and price of energy. ^The Arab oil embargo cdme at a time when domestic 
reserves were. diminishing. The quadrupling of oil prices that resulted has placed 
greater demands on gas and coaL y^^^'^^ \ 

Only through federal regulation has the pripe of interstate. gas remained relatively 
low* However, the increased demand for gqs brought about by^th^^rice escalations 
and the shortages of oil, has resulted in significant curtailments in gas delivery ^ ^ 
over d ma|or portion of this country. It seems^ likely that future federal legislation 
will result in deregulation of the price^of.nqj^ipl gai, all<5wing the Btu-equivalent 
price of gas to reach levels equal to ot greater rfiai^ that of oiL 



Naturol gqs also plays an important role asxi diem ical feedstock. In^fact, ther« 
is a strong possibility that the use of natural gas for conventional boMer combus- 
tion wil I be greatly restricted^ because of its importance in other appi ications ior 
which there is no practical substitute. 

Unlike gas or oil , there are ho pricing riegulotions on coal ; Its price has fluctu-. 
oted with the supply and demand of the rrtarket place/, with the result that coal 
prices hcP»4 fc^reosed cftrqmiatically in re cent^yearsS Even so; the Bttr^uiydlence 
price of cool is expected to, re^ than that of fuel oil. Z^-- . • 

^The reliability of purchased electric pow<|r rnust also be tqken into consideratiorT in 
planning for ft/fore utility needsy ^firidustfy arid jgoveipmert^ studies such qs that / 
reported by Tdchnrcai Advisory Cc*imiV^ for ^^t^^ NdtibnaL Rel iabil ity' Coiihci 
in 1975 6re showii^g that many areas of the country can ex signiffccmt black- 
out and brownouts'during the 1980's/ due primrdrily to curtailment in^the cohstruc-\ 
tion of new generating facilities that took place subsequent to the.Arab Oil embargo. 

• * . ., •■ ■ ■ . u 

In- summary, there is tremendous" specujation as far as the pri<:e and avail ability- of any 
one fuel. The foHowing discussion is an attempt to place in perspective a number of 
factprs that are expected to affect the- future fuel (Sicture. One natural conclusipp 
is that if a facility is equipped to burn any of the three fuels', oil, naturaj gas, or 
cool, then there will exist the highest probability of fuel availdbility and at th« .lowest 
relativfe cost. This later consideration played a maior role in the assessment of design 
altemiatiyes. • - ' 

" ^ ; - ■ . • 

A. ELECTRfCITY ' 

— ^ -. . ■■ 

• • ■ . ■ ■ '. u . ■ 

Purchased electricity, is supplied by Florida Power Corporation to the University of 

-Fioricia from two feeder lines. At present^. Florida Power Corpora^on is experiencing 

a negative 8.9 percent reserve capacity. The Florida po>yer distribution network 

covers this deficit. Although this could potentially pose a prpbr«^ 



to rttliobility of electric service, Florida Power Corporation is* scheduled to bring 
on line the 825 megawqtt Crystal River Nuclear Plant in the spring of 1977, and 
this should resolve their reserve problems for the foreseeable future. 

B. NATUI^AL GAS 

A review of the history of natural gas supply shews that the popularity and thus " 
the demand for natural gas has steadily increased because of its low cost, clean 
burning properties, and until recently, crvai lability. .As shown by the production 
rote on Figure V-1, gas consumption grew at a 6.5 percent average annual rate 
in the 1950 's and 1960's. Natural gas production peaked in 1973 at 22.5 Tcf 
(trillion cubic feet) and declined (approximately 6 percent) to 21 .2 Tcf in 1974 ' 
for the first time in history. Reserve additions have failed to equal or exceed pro- 
duction for the seventh straight year: The only significOrit mdior reserve addition 
In recent years has been the Alaskan reserves of 26 Tcf^ which was added in 1970. 

With. the pattern of natural gas defnond exceeding supply expected"to continue on 
the national scale, rnony gas companies have found it necessory to deny gas ser- 
vice to some existing customers^ Interrupted natural gas service has become a 
reality at the University of Florida, while the suppliers projected 40 full days of 
curtailment during the 1975/76 heating season, the actual curtailment was ^^^^^^ 
doys . Tiie situation is not expected to improve Curtoi Iments proje<^ted ,for next 
year have more thari doubled over the projections for. the- past year.; Af a national 
level, the Federal Power Gommissron (FPG) has promulgated a uniform, nine-tier 
curtailment priority schedi^e (FPC Q-der 467B) based on the end use of the gas and 
size of the customer. This schedule is included as Exhibit 11." Worthy of note is- 
that under the schedule, the University of Florida falls in the second lowest priority 
category . . 

To further complicate this worsening situation, the FPC, in what is corsidered d 
landmark decision, has increased this price of new gas 173 percent from its current 
52*cenfs per mc( ceiling to $1.42 per mcf. The price hike whicA affects new ^ 
natural gos^^d^icdted to interstate commerce-on or after January, 1975, was also 
qccompanieci by d decision to. increose the price of ggs dedioated for interstate 
commerce between January 1, 1*973, and December 31 , 1974, to $1.01 per mcf .* 
In addition, the FPC order (Qpinion Number 770) prbvided for a one cent per 
quarter escalation in price,' with the first qoortierly increas6/sched^led to begin 
on October 1, 1*976. The premium notuEe-oPnatordP gas for specialized combus- 
tion requirements and qs a chemical feecfejsick seem destined to make natural gas 
extinct for conventional boilers, either by d/rective or by price deregulation. 

• ■ J :. ■ - ■■. ■ •. . -■ •■ V, ■ ■ ■ ■ ■ ^ ■ 



FIGURE V-1 

U.S. NATURAL GAS RESERVES (Excluding Alaska) 
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Source : Federal Energy Administration . Th^^atural Gas Shortage: 
A prefimihory Report August, 1975.^ 
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C. FUEL OIL 



Until th^ oil imports were disrupted by the oil embargo, the United States oil con- 
suftiption increased 4 to 5 percent per year. Domestic'oil production as such* peaked . 
in 1970. However, reserves have fallen since 1966; the discovery of the Prudhoe 
Bay field in the Alaskan North Slope being the only major exception to this trend. 
With consumption outstripping domestic production,, the United States, was dependent 
on foreign sources for 19 percent of its oil supply by 1959. By 1975, this dependence 
hod grown to approximately 40 percent. " ^ . 

In a recent report prepared by the Library of Congress, overall energy shortages will 
,,*be 9.0 to 9.2 million barrels per day in oil equivalent in 1977; 10 to 10.6 millio.i 
barrels per day in 1980; and 9.0 to 10 million barrels per day in 1985, assuming on 
energy growth rate of -2. 8 -3.1 percent yearly over the next ten years. The Library 
of Congress report also noted that "any additional oil imports to the U: S. will have 
- to come from the Eastern Hemisphere, with most of that from the Middle East and 
North African countries" which further increases this country's vulnerability to 
future oil shortages. 

• ■ . ' •■ 

Fuel -oil costs incurred by the various consuming entities are highly dependent on 
the type of oil used and its source. For instance. No. 6 oil, a residue which is 
left after all the light and more profitable cuts have been extracted is sold at the 
lowest pricey The Energy and Oil Act of 1975 set a ceiling of $7.66 on domestic 
crude oil prices, the Act also has provisions for a 10 percent increase annually, 
depending upon availability and price . ' 

Currently, the Urtryersity of Florida is paying $10.60 per barrel of r^tdual oil. 
It is acknowledged-that : th is 'is a reduction from the 1 975 pri ce of $ T 1 . 30 barre I 
^hich iust:tends to highlight the unpredictability of oil prices in general. In fact^ 
it should be noted*that the OPEC cartel did unilaterally increase crude oil prices 
some 10 percent in 1975. 

The Oniversify accrued costs of $411,000 on o if for the heating plonf during fiscal' 

1974/75, and this figure rose sharply in fiscal year 1975/76 to $600,000. 
This increase is directly attributable to theyise in the number of days of interrLp- 
oble,natural gas service. By way of highlighting- the impact of gas curtailments on 
the University, an additional daily cost for fuel of $3,100 per day was 'incurred 
this past year during natural gas curtailments. 

The conclusion to be drawn from thesetsom^what ominous predictions is that while 
oil would <ippear to be available as a fuel for the University, the price will continue 
to be one of the highest of the available fuels, and the supply might well be 
vulnerable to further disruptions as occurred with the Arab oil embargo of the 
not too distant past. ' r\ • 

■ ■ , ■ v-4..- . ; ' ^ ' • 



D. COAL 



1 • Availability 

AboOt 83 percent of the known economically recoverable energy reserves in the > 
.nation are in the form of coal, and at current cool prices, the mineable reserves 
are enorrnous« Even though coal is not presently being produced at rates that can > 
. fill the overall energy gap, there is a sufiFicient supply of both low and high sulfur 
cool to (meet th^ needs of installations fhat burn cooL 

Cool for the University can be supplied from the West Virginia, Alabdmc/, Kentucky 
or Tennessee coal fields. Both low as well as high sulfur cools ore ovoiiobJe from 
these mines. 

2« Transportation ^ v • 

The primary transportation systems for coal ore by rail, truck, and barge. An evolu- 
otion of roil transport of cool shows that there ore good roil connections to the four 
coal producing states considered, and there is an existing roil line running next to 
the University which con be used; Should the railway next to- the University not 
be available, the coal could be shipped to rfrft Gotnesville area by rail and trans-: 
ported to tlie campus by truck. 

Truck, transportation is usually restricted to short distances such as between storage 
site and power plant or where the coal demand is relatively small. This mode of 
transportation would not be considered from any of the potential cool^ fields to 
Gainesville, Florida. \- 

Barge trani^brtdtlah was^ found to be more expensive. than rail transportation even 
from the northern Alabama coal fie Ids • The coal first would have tobejoqdjed on 
^dil cars, taken to the^ nearest barge loading'faciirty, loaded in barges, transported 
to Mobile,^ Alabama, loaded to ocean going vessels, transported^ to Tampa, Florida, 
unloaded from the vessels into cool roil cars, transported by roil pr-from Tampa to 
Gainesville and dumped at the University storage site. At pr^ent, there- is no 
barge unloading facility in Tompo for loading directly to roil^cars. A focility o 
would have to be built in Tompo or modifications made to the existing^un loading 
facility iftot belongs to the Tompo Electric Company subsidiory company responsi- 
ble for cool handling, if barges'^^re to be -utiUzed. 

^ 3. Handling " ' - " ' 

Sinperthe Lt^iversrty has not utilized coal for many years ^ it is appropriate to"d is- -' 
cuss some bf the features of coal handling which are different from other. fuels. 



a. Loading and Unlooding 



A main element in coal handling operatipn is the rail cor. Loading and unloading • 
.can tafee place while the cars are cbntinuously moving. However, at the University 
of Florida unloading would probably be performed by mechanically opening the car 
doors while the cars are stationary. Weighing will be done at the mines so there 
will not be need to install additional track* scales at Gainesville. Weighing trains 
on a spot basis to establish average Nveights for billing purposes'^ill probably be 
desirable. 

??b.^ Storage ^^^^ ' 

Storage is divided iri^o tw6 types. The first is live or active storage under cover/ 
iji which the coal is fed directly to the stoker or pulverizer hopper. The second 
type is reserve or inactive storage, in which the coal is stored outdoors. Active 
storage facilities would consist of an overhead bunker and/or silo, complete handling 
equipment that would be self-cledning and designed forVecycHrig coal that stands 
for more than a month. Indoor storage wgould have a Tive capacity of at least 30 to 
72 hours to cover weekends. An outdoor site.for locating a storage pile should be 
raised above the surrounding area, well drained, clean and solid. Coals must be 
compacted to reduce oxidation and deterioration' in heating value. Onsite storage 
is recommended at the University because it is^cheaper ondNbecause room is avail- 
able for such a storage. I 

^ At the Univer^rty, approximately 50,000 tons will be required annually, "or dn 
^average fi^el consumptroh is 200 T/day. An inactive storage having 90 days 
reserve capacity is recommended. 

c. Conveyonce ' - , ^ ^ 

The conveyance of coal from truck, railroad car or stockpile to the stoker or 
pulverizer hopper involves a considerable quantity and variety of equiprnent. 
Coal usually flows by gravity from the truck or rciilrcad car or is pushed by a 
bulldozer from the stockpile ta a hopper and falls on an apron feeder, bar feeder 
or reciprocating feeder that moves it to c crusher. It then discharged to the 
boot of the coal elevator. The crur>her: may ol^o '^e bypassed and the- coal fed 
directly to the elevator boot. Th elevctor, by peons of buckets on an endless 
chain, lifts the coal to ib higV. s* elevat'on and spiiis it into a silo. The coal,, 
after reaching the top of the elevator, could also be divertekd to a movable chute 
that by gravity would place the coal in the outdoor stockpile. From the live 
storage section, it is chuted to a weigh lorry, stoker hopper bucket carrier, screw 
conveyor or belt conveyor for distributing along the length of the bunker gates 
in the bottom of the bunker allows coal to be fed by gravity to a weigh lorry/ 
where it would be weighed and deposited in the burner hopper or through closed 
chutes with weighing devices to the stoker or pulverizer hoppers. 

V-6 



Cocil prices reflected the stai^''€fHfefi,..,ma^ ovpr^the 1973-75 pertdy . Starting at ' . • 
the end of 1973, coal prices began to riseV Spot prices reached record levels rn 
November 1974, during the UMW work stoppage. Long-term contract prices were"*" 
' also negotiated (and renegotiated) at higher levels due to the tightness of the 
market and cost increases associated Avith inflation. Starting at the beginning of 
1975, spot prices began to drop until they almost reached average long-term 
contract levels during the summer, where they remained for the rest of the year. 
This drop reflects the easing of the market during 1975. 

That cogi prices increased at the same time as oil prices during 1974 led some^^ 
analysts to conclude that coal would be priced at the Btu-equivalent of oil, witn 
an adjustment for pollution control costs. However, this conclusion was inconsis- 
tent with the observations that coal reserves are vast and the Industry rs composed 
of>enough firms, that market forces will push long-term prices to a level reflecting 
costs plus a fair return dn capital; and that even in the short-run (when cod I supply 
is constrained, by the time it takes to open new mines)^ not enough energy consumers 
hpve the capacity to burn coal to bid spot prices up to the Btu-equivalent price 
of oil . . * ' , \ 

These observations are corftistent with actual price bel^avior. Long-term contract 
prices were bid up to levels reflecting mining cost with a fair return. Average 
^ contract prices include contracts that were negotiated several years ago and are 
probably lower than the average of contracts signed in the last year. However, 
there are no indicdtJons that new contracts are being signed at a Btu-equi valence 
with oil. Spot prices were bid bp to levels in excess of long-term contjact prices, 
but never to the Btu-equivolent of oiL 'Most significantly, these spot prices fell 
as the coal market loosened In 1975, an everrt total ly inconsistent with the argu7 
men t that codi will be. priced equivalent to oil. ... 

The price of low sulfur, cool delivered' to the University of Florida from West 
Virginia was estimated at-$30 to $40 per sfon based on discussions with rail 
transportation personnel and coal brokers. 
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Vj; ^ CONVENTIONAL SYSTEM CONCEPTOAL DESrXSNS 



To establish the overall potential for implehtenting on JUS at the University of 
Florida/ comparisons ore mode betvveen the.pperations of the existing utility^ 
which are termed baseline/ and the lUS approach to supplying the utility services. 
The configuration and load demands of the' typical conventional system are established 
from areview of existing operations^. The comparable lUS is sized to provide the ' 
same services as are provided by the existing systermv' 

.The University of Florida utility system is typical of many conventional utility in- 
stallations. Like other community utility systems/ the University of Florida may be 
forced to use coal as the primary fuel in the future. The possible economic impact 
of converting to cool is examined in the light 6f proposed legislation. 

A. BASELINE (EXISTING) SYSTEM 

1 • Pirojected Equ ipmeq^ 

■ /■ ' ' ^ 

The bdbelirie system against which design alternates are compared is the existing ' 
system with projec ted' replacements and expansions. Continuation of the present 
modes of operation is assumed and the all new hcirdware is assumed to be similar in , 
type and performance to the'existing system. ^ 

T(^e initial phases of a 10 year utility upgroding progp-am are presently being affected. 
The anticipated -major capital expenditures can be surnmorized as follows: 

0) .Boiler replacements of 120/000 pounds per hour steam generation 

capacity by 1986 and an additional 120^000 pounds per hogr steam 
generati^ capacity by 1991 * . ^ 

(2) « Steam distribution line replacement. 

(3) Chilled water generation capacity expansion* 

(4) Central chilled water distribution system. 

.(5) Sewage connection to regional treatment system. 
Repiacemehf and renovation 6f buildings. 
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It should be noted that in the cost comparisons between the baseline and lUS alter- 
natives only the cost for replacement of the boilers, Is shown . The items in (2) through 
(6) >yould occur in any case as part of the oh-going maintenance program' at the Uni- 
- versify. ' ^ 

2. Equipment Loading Schedules 

The equipment looding schedule can 'substarf@&/ly effect the electrical and steam 
requirements and, hence, the performance of a utility system. In the oncjlys.is of the- 
existing syjtem and each of the alternates, an equipment loading schedule was chosen 
which considered to provide the best performance for the mix of equipment avail- 
able for the given alternatives. The analysis of the performance of a system involves 
an hour by hour evaluation of the interactions of the various system components. No 
attempt was made to optimize the hourly loading schedules . ^ ^ r, 

In the ^analysis of the e;<rstingLystem, existing and anticipated electric motor driven 
chiltere >vere base loaded, W+fli the existing steam turbine driven centrifugal chillers 
providing peaking. This..appears to provide the best economical operation of the 
existing conventiondk system and is consistent with the anticipated University prac- 
tice. ^ • 

In.the lUSt alternates, the proposed absorption chillers and existing steam turbine 
driven chiUers were base loaded, with the existing electric motor driven centrifu- 
gal chillers'' providing peaking. 

3. Performance ' 

The performance of the existing utility system and projected requirements have been 
given in the previous section. For comparison of alternate design options, the system 
requirements for the first year of operation (1981) of the proposed lUS hove been made 
for ajl systems. These projected requirements have been sumrharized in Table VII-1 
of the next section. " ' . 

.... T ' . 

B. COAL FIRED CO NVENTIONAL SYSTEM - ' , 

\^ Rationale 

A conventional alternative to the existing operations is the replacement of the pre- 
sent gas/oil fired boilers with coal/oil/gas fired boilers. Coal supply sources are . 
^available to the University of Florida at an energy cost which is highly favorable 
when compared to oil. Furthermore, there is legislatioo under consideration which, 
if enacted, would require that new and, to the ext^ practicable,' existing major / 
boilers which utilize fossil fuels be capable of util^ng coal as their primary energy 
fuel . . • . 



2.". . "'Concept - " 

Since Jjh^ ^^i^^^ng gas/oil fired boilejpr cannot be practically converted to burn^cool/ 
tf\s assumed that cool fired boilers wifl be installed as replacements. The boilers 
will have o steam generating capacity of 240^000 pounds per hour at the present 
operating cond I Hons of 265 psia and 500^ F final temperature. Existing boilers , 
would^^e mairitained for stancby operotion and future peaking requirements. 
"• ■ ■ ■ * ' " ■" . 

For ease of comparison to' the proposed lUS alterndtives, tt^is osisumed that the new 
cool fired boilers would-be operational in 1981 ^ The boilers being replaced will be 
retired^ early. 

-3. ' PerforjTiance > ^ ^ * . 

The new boilers would include economizers and air pMreheatere as heat recovery equips 
ment and, hence, ore orffi^ipated to have on average thermal, efficiency of 84 per- 
cent. This Compares tp the 80' percent Efficiency whichr has been assumed for. the 
existing boilers withotit heat recovery deviceV-V TJie ma[dr difference between the 
bowline system and the cool fired conventional system yli I be the increased opera- 
tion and maintenance costs and the decreased fuel costju^ The ec.onc3(nic onolysis for 
this case is provided in Section VIII. 



VII. INTEGRATED. Ut/liTV SYSTET^ CONCEPTUAL" DESIGNS 

A. POTENTIAL ADVANTAGES OF AN lUS APPLICATION 



Reck>ced Costs of OperatTon 



The^niverslty of Florida, bj^r virtue of its size> consumes a significant quantity of 
enfecgy-ond other resources through Jt5 u>i lity'^system each year* Hence, an increase 
in the efficiency of utility operations can result in a considerable dollar savings. 
The reduced ener^ and operation costs resulting from the utilization of utility sub- 
systems make >l^e.imf)fe men tat ion of an lUS attractive for the University of Florida. 

2. Reduced Energy Requirements , ^ 

The implementation of an lUS would reduce electrical pw/er purchases and overall 
energy requirements* Existing steam loods at the University are adequate to permit 
significant by-product eledtric power generation throughout the year. The flexibility^ 
of a select energy sj^stem would permit continued parallel opehot^ton with Florida 
Power Corporation. " \ ^ 

'3. Multr-Puel Fired Boilers ^ • * ' : 



Ap lUS plantxron be designed to fire coal; oil and gas, unlike the existing heating ^ 
plant which/is limited to firing oil and gas. ^lie availability of oil and^aS is un- 
certain orra the unit cost of each has been increasing dramatically in the past few 
years. Availabijity and economics "Suggest that cool is the preferred fuel choice. 
A rail line exists next to the University and the coal supply sources ar§ available. 

.: - • ' ■ <y ■■ 

4. Energy Recovery from Solid Waste 

incineration of the Univers/ty solid waste in incinerators equipped with heat recovery 
units would reduce primary fuel consumption and the volume of refuse transferred to 
landfill for burial . - 

5. Reduced Waste Water Discharges 

Increased use of treated waste water to supplement coohng tower makeup wat^ and 
the irrigation requirements to the campus would' provide surface and well water con- 
servation and reduce the discharge of the sewage plant effluent to Lake Alice . 

6. " Design Basis for Retrcrfij; and Mod.ificatJon 

The fundamental principles on which the lUS concept is based ^fve direction to 
^stem specifications which can. result in a more efficient overall utility .operation. 

^11-1. . 



The lyS conceptuoJ desrgns envisioned for the University of f^lorida will allow in- 
cremenfal additions to >he uH I ity system to realize these increased >ene fits. While 
the University of Florida olready has existing utility systems that prjoyide the re- 
quired services, there is a continual replacement and modification of utility' hord- 
wdre as the equipmenrages-tand the system load demands change, fuel price and 
availability change, and more, stringent environmentqj regulations are promulgated, 

B. CONCEPTUAL DESIGNS * ' * . * r 

1- ' V Objectives , • ' .w 

Conceptual designs have been developed with the objectives' of (1) meeting existing 
and projected loads, (2) utilizing ds much of the existing systems as possible, (3) 
allowing phased installation with anticipated replacement programs/ (4) haying 
sufficient flexibility to realize economic and environmentoLbenefits to the fullest 
extent;. \ . " " • . . ( * ° ' ■ • 

2. .. Bests for C omparison < ' " - . / . ^ 

* • • :» .- " * . ■ " . 

In this study, the performance of alterr>qte conceptual d^^igrjs are cortipar^d / 
agains^ i^qtg^e existing utility sysiem for meetmg the u4-ih*ty service reqoYrenjents 
profetfted f^ l981. The heating and cooling loads are the.-same, for oH cases; .,howC 
ever, the electrical loads differ because' of -the alternate methods used tb satisfy the 
heating and cooling loads. The life style and 9peration of the University*were ntit 
changed, only the methods of providing utility service. - " "^-^^ 



3V Peri 



Srmance 



The perfd^monce of the conceptual design options has been considered vrrdeTthree 
subsystem groups: (1) Thermal Electric;Generating System, (2) Solid WcSe Manage- 
ment and (3) V/ater Managen?ent. The conceptual designs arid system tefchnicdl 
perf<3rm.ance are presented for the various options in the present secfion. The Eco- " 
nomic Analysis and Environmental and Institutional Foctors have beeri considered in 
later sections. , = . . . -^ " 

The evaluations of performance were based on lUS donfigurations in which no effort ^ 
was mode to optimize the utility system through building conservation measures iri 
large pattern and lifestyle, ^although some variations were studies. The study "was 
not intended fo represent the mosV energy efficient application of gn lUSr but rather - 
represents dn attemptVo achieve an;economical and cost effective applic|ition of • 
the lUS concept to ari^xisting site. The technologies used are represen^tive of 
commercially avaiJoMe components as of mid-J976. 



jRtegfatiori 'of uti I ityi^stems can embody all aspects of fhe gen/aratVcai^^ treatrneot; ^ .. 
jC5istra>otibfc, coriecHoh, usage, and control fundtion of providing otiHty^^^^^^^ 

This study" has focused oi\ the integration of the utiUty genertjfion dnd.treaiTOer^^^^ . 
' "Ivncfions for more efficiently providing present and projected utility services. Mod r- 

ificdtions bfthe iJ^-ility disfWbution and control system, which would inarease the 

effectiveness of an lUS, have beer>-observed and recomrnendatioris for indeper»dent 

study hove been made.. ,i 

ib» ' ■ Geography _ ^ ' ' 

Although tjjc extent of geographic concern included^the total campus ared, the study 
- is effectively limited to those buildings connected to the .central distributiorv systems. 
Buildings iti remote areas have unitary heating and cooling systems and haye no\ been 
connected doe to the extent of underground tfTstributipn piping required. Thfe-feasi- 
bility of exteodingythe cehfral cfTstribution systems to Tnplude these remote thermal 
loads W inti-eased w^te heat iJti fixation should be considered in an independent study; 

5, * Conservotiqn and Retrofit Integration 



Th^Jiitrofit'of buildings to affect conservation measures and the scheduling of occupar# 
acmvity patterns con be investigated as possibil ities for altering utility demands to > 

■ provide d more optimal integration of subsystems. While lliere has been no attempt 
fo include these integration possibilitj^s in this study, conservation profects that^ 
provide reductionis in energy consumption fit into the lUS concept and. should be 

- pursued. Afiy\ceductjon in utility service requirements reduce the equipment slz| 
and hence^feaniial outldy of an lUS. >■ 

■ . 'v: ' . ■ . ■ . ^ -I : ■ 

C. ■ TriERMAL/ELECTRIG GENERATION SYSTEM 

■ ■ <^ • . ' .' ■ . . , 

1,- Overview ^ > ) ; - . , * 



The-Therma I/Electric Generation System provides the heatingNand cooling requirements 
^dnd generqtes .electricity as a" by-product 4>f meeting these therrnaf needs , Alternate ^ 
designs have iaeen presented and eva{uated for the Thermo l/fEje,ctric Generation' ^ 
iSystem at the Unlvereity. of Florida. Rather than optimize,one systerr^., ^modifications 
of the utility system have b.eei3 exploded. , - - 

<!.- S election of Systems and Generating Conditions . " - 

The conceptual design examines the. possible mocfes of combined thjeignq I and power 
generation. *A prime mover is selected on the basis of its flexibility and the 
potential for. infegrcytIon.>Vith the existing^system.^ypp^ating conditipns^.f^^ 
design dnd performonce evoluotion of the equipment 'components c^ presented." 

^ - A . -'VII-3 ' ' V 



» Pes I gn A I terng tes . '. ■ ' ^ . ■ ^ f ^ 

. • ' . ■ , * - . * ■ »* 

The opprbacK has' been to examine a basic design vvjhfch could be easily interfacedr' 
with and wourd require a minimum of modification of the existing utility system 
Expansion of the basic design and modifications 6f the existing system were then ' 
examined as alternates which coOfd be programmed for immediate installation or be^ 
installed in phases." * 

. " . ■ . ^ ■ ■ * . ■- 

go^cepfual Design for Existing Load Charocteristics' 

•■■ < ... 

. ** • * 

One alternate considers-the possibility of a system which wilL^~ fully loaded at alf 
times but generates only d portion of th6 present thermal neejT A second alterndte 
.s-sized to generate alj the near term thermal 'needs of the campus; the excess steam 
generating capacity during non-peak ttjsrma I loads is used to • generate ddditiono I 
electricity. ' ."^ ^ ^ ' 



^- ' Conceptuol Design for Modified Lood Ghq;^acteristi'fes 

The advantages of a dual purpose power plant fo the University' of Florida can be 
.ncrased by improving the match of the electrical to process heat consumption and . 
geijeralion ratios. Since the present University of |Florida%.|^ctrTaal to process 
•heat consumption ratio is greater than fwice the ^x^ver to process heat ratit> of steam 
turbine^cycies with the exiting thermal distribution conditions and Idqds, alternate 
system designs which would modify the? electrical to process heat consumption ratio 
and/or re^duce the pressure at which the steam is extracted from the steam turbine^ 
nave been proposed . • v • 5 ' ^ 

■ ■■ ■■ ■ " ■ ■ ' ;■■ ; . - - 

The power to heat cdnsumpti^n'ratio can be favorably modi Hed fot a total/select 
energy system by th^ proper' selections of chilled water aeneration equipment in the ' 
.jit.cipated expansion of .the c^^ system e#Bns ion. An alternate 

design is presented to compare^perfoRnqpce of absorption chiMers' against the 
existing plans for electric mc^or driven centrifugdl chillers - 

iflti -I reducing.the'lteam d istribution supply 'pressure to affect a 

5l f "^1° heat:^eWqtJon ratio, /the conversion of the' existing steam . 
^frenriaJ cj^^tion system tp a Ionv temperciture -hot water distribution system-is 
consic[ere^*»^ ' 



2. Mbde -of Energy System^ ; ' - ^ / 

There are'two cbnciepts possible iFor is upp lying elecfriical power to dn |US facTlify-^- 
tot'al energy and select energy. The hyb'concepts, as descr-ibed. be lov/^ aire similar, : . 
in that each system meets the qecessd'ry thermal r^quirementat of the consumer while 
pro>/iding a portipn or al Tof the 'ele.ctri<^l demands. 

a. ' Total. Energy .. . .. ^ - - . / ' 

Y ■ ■" . ."■ v." :f : . ■ - 

The Total Energy system allow^jjtie ^ser to operate independently of the local 
utility', the Total Energy systerini generally lads standby generdting equipment avml- 
able to provide all necessary power in the event of scheduled or unscheduled shut- 
downs of the main generators. ■ ' v . - 

Select Energy 

The Select Energy system provides as much electricity as can be generated under 
given steam demands. Power in excess of th^ turbine, generator capacity is pur- 
chased from the local utility. Th^^Select Energy system does not require full on- 
. site backup capability, since the locat utility would provide necessary power in 
the event of the system being off-line. Optimization of the turbine generator 
performance, can be accomplished by sizing the system such that for the maiority 
of the time the system operates at full design capacity.- 

A Select Energy system is recomrriended for the University of Florida because (1) 
'o>th^ Select Energy systfm can be'desigried to provide the most economical balance 
of thermal and electrical generation, (2) o high;service relTabTlity can be proyided 
through parallel pperatiori with the present commercial power supplier? the existing 
contract with F^ldrida Power Gorporbtibn allows parol |el operation, (3) the present 
demand charge schedule is such that a significant portion of the po\yer^requirements 
con be generated on-site without subjecting the University to excessiye'demand 
charges due to system failure, (4) "the Select Energy system provides a -ftexib I e 
desf^ which can be incrementa My modified to nie^t future opercrHon recjuiremenfs 
and economic conditions (indeed, the.Select Energy 's.ysterfl,. can be. jccter enlarged 
to a Total Energy system), and (5) the Incremental ihstaTlotrpn yy^il^ 
-ou.flay flow which con be phased with' avai lablen^uoding amd University needs. 
■■>-'» ■■ - .-. , .;■ - -' v X 

^ if ■:" ... ■ •■ ••' ' . ■ ■ ■■ 

3. Selection of Prime MoVer ' ^ - 

... ^ . 

A number of prime movers are available In the size range required for application 
qt the University of Florida. These ifclude combustion turbines,, internal combusr- 
.tion recrlprocatihg engines and stebm turbines. 
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a: Gombusti on Turbines 



The combustion tur^m^ W relatively qurc]?&farV^ ^hen coupled 

o>sfeom- 'iC^'^- '"'^^^ can easily produce large quonfiHes 

of steam.. The ma.n drawback, of combustion turbines is that they produce Idrae 

'^n^^^^-'fJ:^^' relative to the amount of electrical generation. With the 
exisfng^electrrcal/thermal requirements at the University of Florida, a lorge por- 
5'' -Til^^''' ^^"'^^^ ^^cess of that required to scH.fv the thermal : 

Joacfc and would have to be exhauste<f to the -almospKere. the fueljrequired by 
combustion turbines is of premium quality and relatively expensiVei For th^e 

iTr""-'^ turbines were not considered as prime movers -ftr the University 



Diesel Engines , 



Diesel engines are more efficient in t6rms of heat rate (fu^l consumed per unit of 
electrical generation) than the combustion turbine . These machines are easy to 
start and can assume load quickly. Diesel generators are readily available in the 
sjze range required for application to the University of Florida. 

Employm^n^ br he^^ recovery e5uipment to a diesel generator set can raise the 
overall thermal efficiency to 75 percent. The mdiority of the heat is available 
•oT riy^p'^ ^ P':^^^>"-^ 6f 15 psig or less Wor low Water temperatures ' 

but. the decreased quantities available under these cprtilitions does not." mcfke this ^ 
mode of operafion qffractive. ^ * ' ^-^^ / -'^ ' , 

Dies^fuel oHs can be of a variety of grades but the availabilify and pric^ Sre ' 
subiect to number of non'-technicd! conditions. ^ - . 

The present: heating system is designed for steam distribution at 75 ps id; which 
effectively rules put the use of a diesel as the prime mover with the present 

.h? '"^ ^"^'"^ ^^"''^ considered as a prime mover if the 

thermaird.stnbut.on system were conN^rted to Tow temperature hot wafer. 

c . Steam Turbines / --^ ^ ' ^ > - 

firr '"t'""f°'* venioHle of 'th^ fhree prime move,,, under consideraKon 

Il fL^Zv'i^- I^'^y'!^? hove the capability of firing a mulHplIcrfy - 
SLt^M ^ .ncreases the.flexibility of the Unive^rty in seeking the cliapeX 
mostrreodil/ available fuel. T 



Stearf, turbines are available in two general forms-the backpressu^^^ and the 
condensing type. The backpressure turbine acts as a pressure reducing valve" and 
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^cneVafes electricity as.d b/-prc>duct of pressure reductiori. The backpressure 
ytuiine gi^er«ltor is directly related to,tHe thermal demands. A condensing v . 

Vurferne can generate electricity without a thermal load because the excess ' ^ " 

steqm ne^dea for power.generation is passed on- to the condenser and not to . 

the steam distribution system. Extraction ports are generally provided for the \ ^ 

regenerative; boiler feedwafer heoting system. These extractions may also be ; 
">Used to provide stearri for distri-bufion to meet the thermal loai. We specififed 

turbine will be an automatic >>ariable extraction type equipped with internal 
.cpntrbls'^bat dtlow-.the extTOction of as much steam, within the limits of the 

unit, as is. required to meet the thermal demands ., 

4; \ - Automatic Variable Extraction SteOm Turbine Power Plant . ; 

The propo^d power plant systemi includes a coal fired boiler with coal and ash v • 
handling facilities, automatic variable extraction non -condensing steam turbine 
generator unif^ with high, medium, and low pressure extractk>n points for the : 
stipulated^ team demands, steam condenser, circulatmg wate)r system and forced, 
draft cooling tower. -Feedwater heating and deaeration are accomplished by feed- 
water heaters located at the steam extraction points. \ 

*■■"•■■'■'■■'' ■ ' ■ ' ' ■■ ' ' . 

Normal operation will accomplish production of electric power simultaneously 

with the extraction of. steam required for building heating, hot water supply, " 

bvilding cooling and process requirements. '\ On -site electrical power will be 

gerierated at M 3,400 volts Cnd transformed Jg^3, 000 vblts" fo'r campi» distribution". 

Addrtjonal poy/er, as required, will be p(jrchased from -Flbrida Power Corp^atioh 

under OB existing contract which allows the parallel generation. of power. 'I'he 

r .existing* boilers in Heottng Plant No. 2 will be maintained and ^erated to provide 

backup and supplementaTsteam generation. ' 

*A schematic diagram of the proposed lUS thermal distribution-system is shown in 
Figure VII-1 . The system will require pipincLfrorh the. new facility to the existing 
plant where connections to the present distribution will be made, ^ p 

a . , Energy Balance for Turbine. Cycles 

The rationale for selection of the conceptual design equipm^t and operating con- 
.ditions are given below. The computations of fhe dual purpose plant heat 
balances were performed on a digital computer and the results of these computa- 
tions for sdecific conditions are given" in Exhibit III. 

A number of assumptions coriperning the expected operation of the steam turbine 
and associated equipment have been "mode so that the turbine heat balance could 
^j^(^3lculated. These ossum^iTons cCin b6> refined during fhe er^^eering design- 
"gg e when the detailed characteristics l6f the power plant equipment are better 
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b, . V J^. Steam Tyrbine Cyclejs 

■ ■. • " ." ■ ' ' " ' '-'^ 

Fueirdidrgeable* to power , generation J h d dual purpose power plarrf <5an i>e as Tow 
as 4>500 Btu/kWK when alL+he jieat in steam exhausted and/or extracted from a. - 
steam furbiae IS used for heating and cool irvg^ This power genergti on Is offen/^*/ . 
referred to as by-product power... ^ 



Th|&^ University of Floridojrequires rnore power than can be genera tejd- as a by —product 
biP^prpyrding heating and/cool ing. Even so, thrs by-product power^cdn be sufDpIe- . 
mentedVith condensing power and/or purchased power si-it I ; use^ dpprec i ab ly 
Je§s fuel ihqh-thiB 11, 275' Btu/4:Wh of F^d^ida Power Corporation (FPC) for generating 
dncL trans rrilttiogpo ' r 





Higher rm tiaJ stedrm conditions .and- lower process stearti pressures* have the favorable 
effect of increosing-steorp^turbine b)r-^product power generation per pound of process 
steam used. ^^!>^ 

1*) Turbine infef Conditions " 

There^are two alterngtive methods of Selecting tbfe inlet steam conditions; one to 
give the-triaximum electrical output/ ahd; the other to obtain a given exhaust tern — 
perature in the steam. • . 

The inlet steam conditions can be choserf to give slightly superJieoteid steam at the ^ 
pass-out, but this will only occur with one particular ffow through the high pressure 
portion of the turbine-* l^^e flow alters, either due to a change in pass-out demand 
or to a change in condenser flow, the temperature of the steam i<i the pass-out will 
vary. It is, therefore, better to desuperheat the pass-out steam, if necessary, and 
set the inlet steam condit^ions from other considerations • 



To obtain th^jrnaximum output from a given steam quantity, "high inlet pressure and 
temperatures ore^i^equired. It theri becomes necessary to consider the practical 
limitations on^press^re and temperature. 

High, temperatures require the use of al loy stfeeks for the boiler, high pressure pipe- 
work oncTthe high temperature portion of the turbine. The usual limit for carbon 
steeds is about 750Pf for most parts except those which are highl)^ stressed, such as 
the turbine rotor where the temperature at wh Teh the materiiaU must be chd^ 
much lower. For temperatures up to^ab9ut 850^F/^^^^^ per- 
cent •mqlybdeniJm would b^ for the pjpiework, ^urbine cylinder and other highly 
.stressed parts with a 3 percent chrome/mpty |>eel f6r ttie rotor. At higher tempera- 
tures^^^ to about 950^f, a 1 percent chrbme/^moly steel would be suitable for the 
pipewbrk, steel for the txirbine casing,^>nd 1 ^percent chromey/moly/vanadium/ 



V 
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steiel for ihe steam belfs of chrome/mo!y/vanadium steel tb prevenf hr^ t^^ 

ture steanrf comfr)!^ mtb pontact with the torbtne cylinder whicb can then be ma^^^^ 

of <3 cheaper material. . / > ' 



The- maxi mom pressure and temperature of the system wMI disp determme the-type 
of feedwateir tfeatment required- ^ At pressures above 600/650 psig, it beodmes ' 
necessary to. change from a simple ion exchange system to complete dem inergliza - 
tio^ of the feed water. This In^reas« the runnrnS'cc^ ; 
meat plant by: about three timesV o3 well as the capitaf cc^^^^^ 

be gained by increasfng the pressurfe'above this limit depend on several factors/ ; 
the most important being the omounf of makeup required and the initial condition ^ 
of the raw makeup Water. If fc^^ is used, there will be a 

.srnaJI Savings^ <^ cont blowdpwn of the boiler wil l not be reqijifed.' • : • 

Also, %e boiler mjihufacrfx^^^^^ have a keries of preferred steiam conditions , these 
' are,, at the turbine sto^ VcTlve: 400 psL^, 750OF/600 psig/ SOpop, 900 psig, 90(K>F7 
and l,5Ck).^?g,.95QOF. All of these^iave dt least 300PF>uperhea^ If is'not nec- 
essary to follow these steam conditions exactly. - ■' , : ' 

. '■ ■ ■ ■. ■ ■ ■ ' ' . >■ • 

For this conceptual design, the turbine stop valve steam conditions were chds^n to, - 
be 850 psia and 900°F to obtain .the maximum butput and the best hoi I er operating 
conditions consistent^.with the commercial availability of hardware in the size range 
of the- Univereity of Florida lUS- . 

2. J Extraction Pressure » . - 

The electrical power produced per unit of heat extracted from a steam turbine cycle - 
is highly dependent on the-apressure at which the steam is extracted. Figure VI 1-2 
shows the power production pressure dependence for the steam power cycle'shown in 
Figure VII-7„ As lower extraction pressures are chosen, the electrical power pro- 
duction increases substantially. This is particularly true in the lower pressure 
ranges.' 

As noted, the. extraction steam pressure and, hencfe, the supply pressure foir distribu- 
tioo should be as low as' possible. The immediate implication is that the present 265 
psia line to Heating Plant No. l^must be sonverted to a lower pressure. , The present 
design includes the installation of an additicftnar steam line in the existing steam 
tunnel connecting Heating Plant No. 1 and No. 2. 

For the present feasibility stud>^, the steam distribution-^supply pressure has'been as- 
sumed to be 75 ps id as ft now exists. Improved benej^its would a^fcrue with d lower- - 
ing of the steam diistribution pressure. Arid, the recommendation Ts made that tests • ' 
be performed to determine the minimum acceptable operating supply press^ure before 
on engineering design is developed. 
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3.) Feedwater Heating ■ • • ; - - . 

For sfeam turbine plants generating power only, addrtiona! stages of feedwater - 
heating have the favorable effect of decreasing the foel c horgeabie- to- power . This 
gain is reaslized because qdaitionol b>crproduct power can be generated with s^am 
>ai*rdcted from the steam-turbine for the extra' feedwater heqtipg. . And, since all 
the energy for feedWdter heating remains.in the eye fe, .there tare no energy leases: 
• B^oi. er stack femperatupe (losses) ^ari be kept low effective use olF air heaters with 

For dual purpose power- p^ turbines to generate power and .supply pro- 

cess steam,-the fuel savings due. to feedwat>r>eating we greater than in a utility 
^ -pJqnt generating power^ o^^ .. -This Ts^6 b^icms^ the pdundf of boiler feedwater to 
.be heated is often two or three times the boiler feedw<iterVrdw^ for a plant geherotirig 
jSower only. In the steam- plant with ambient pir fifed boi lers, the boNers are equip- 
ped with air beaters so lc?w. temp^rarture W^oter to'qn. ecolfomi^er is not required to " 
ach leve the low stack temperatures ne^dfed for eff iclent boi ler op'erotion .~ ■ ' 

The number of feedwater heater stages chosen for a given design deperids on an ecb- 
nomic balance./ Large central station cycles may have 6 to 8 stages of feedwaW 
heaters; smal I dual purpose power facilities seldom- hqve more than 2 or 3' stages of 
feedwater heaters. . ■ 

Three stages of feedwater heating were chosen for the present system.-' Three extrac- 
tion pressures ore already required to satisfy the process loads and these same extrac- 
tion points con be used to. provide steam to the feedwater heaters-- ' 

4 . ) Turbine By-pass > 

A pressure reducing valve and desuperheatef prdvided in parallel with the steam 
turbines to provid"e 'prqcess steam when the steamlturbines ore not in operation . 

c. .. • Automatic Variable Extraction Steam furbirie - \ \ ^ v- . - • 

;An automatic variable extraction steam turbine is onjg in which sfedm is withdrawn^; 
at one ^hgle extraction) or ^o . (double extraction) points between the inlet and * " 
exhat>st openings at control I dp-pressures. Bleed steam jnoy also be. withdrawn from 
intermediate points withoitfc'^&fentroj of pressure. • . • - / ' " * ' 

As showp'in Figurie Vll-3, ,d single extrattiofi turbine can be considered as twd'tur^ 
bines .coupled, to d common shaft. The first tufbine is'the high pressure -se^tioh, " 
while the second turbine is the low pressure section. The high- pressure Section ex- - 
ponds steam from inlet conditions dow.n to the extractton.,pressuVe . The tow pressure 
sect ior^ expands steon||rom the extroction pressure down to the exhaust condition . The 
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^FiGURE; VI 1-3 AlJTO/VtATIC VARIABLE EXTRACTION TURBINE 
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. extracHon vaJves act- ds in.Ief valves for the iow pressurfe section and regulate flow 
of'SteofTi through that section, but not-out -of the extraction open ing . When the ^ 
extraction pon/rol ts-iin use, it mair^td^ris o to fhus 
supplies contf<£rit inlet pressure for the low pressure,s%ction^ v 

tjctraction turbines differ in two major respects frc^m straight condensing or non- 
.condeiising turbines: (1 ) Certain areas in the steam path are designff^with enlarged 
sections sp that largfe quantities of steam can be extracted for process requiremente. 
. (2) Additionol cootroi devices and linkages have been added to maintain extraction 
pressure, load, and ^low confipel qut^^ * • - 

• " • •. ;/ ,; V ■ ■ '-^v ■ . . ■ i " ' . ■ "- ■ '• 

flexibUity to meet Varying operating conditions is inherent In an extraction tur- 
. bine, but becaOse of the^multipl icity of applications, a thorough knowledge of 
the; present and future requirements of steom and load is necessary in order to 
determine the best design for the application.- \ ■ 

~d.* - Steam G.enerdtrng 'Equipment ° „ - ^ ' 

. -There. Rc»^^ ^®'? ' ittle* standardization of corhp lete un it designs fp^ua I purpose 
r power pjant applications" ^p because^ pf the distinctive nature of each' 

, user's cooditipns.^ pressure. and 

"; . ^eniperatore^qsVtfie types o fired and the user's plans for utilizing 

^ >hf Xearjj genSf^^^ Varidtior^f this type require changes 

in detail ond pverall arran^ment of components. Th^ together with ever-chang- 
ing cos fs^pffrioney, fuel, materials and labor, has m^e fulj^unlt standardizatior^ , 
imprdcti cable. " . T 



The primary fujCil for tl 
relative fue I costs becc 



jAJniversity of Florida lUS wil I be coal v Varidtions in 
_ _ of fitjctuations, in price ond frelghl; rates, ^seaspnal 

varldtions in aVdilability of" natural* gas and temporary shortages ^of cool dnx^ of 
; make it advantageooSMo not rely on. a siqgle fuel . Hence> the instdlied steqtn. 
generation system Will. be derigne^l-tp be ctijiabie of'burning gasr or 0^1 as oliFep^ate-. 



- -1 . 



The selection- of boijer design depends on the>ype of coal and the steam load chdr- ^ 
act€fristIcs.'.' Pul>>erized coql fired and stoker fired boijers icdk'be designed to burn^^^^^^ . 
practically any bitumjno..s coal or lignM^e mined in the. United States.' k 
coal system must have coal preparation^«fuIpment including* tlidtVequired for the - 
removal of moisture.: A stoker fir^dy^er can be desijgned<for a sized coal and thus « 
require a. minimum of, coal preparati^ equipment. '^^Pulverl^^^coahfirmg syst 
,hdve higher effici-encies than stoker firing sy^sterm bejcduse o^^^ air 
cornb'ustion and I^vy^ cqrb^ J'ossesV ' r , * ~^ • ; - " - .' . 

Either pulverized coal or stoker fired bo iielrs can Jae^jsed to generate the steam 

• • -. • : w - - . ■ . '■ ■■: ■■ vii-14-.- -• .. . ■ r^^' 
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required \>y the University of Florida lUS^ A stoker fired steam generating $ystem_ 
was chosen OS the ^bas is of the present feasibility study i Jhe trade-off of greater, 
capital costs for pulveriz^F'coal preparation equipment againstythe lower-efficiency 
of a stoker must, however, be evaluated as part of the engmeering design. 

The existing boilers ffi Heating Plant No. 2. will be maintained and operated ip* 
provice backup and supplemental steam generation, hi the backup role,, the exist- 
ing boilers will be capable of providing the necessary stedm to supply the steam 
distribufiSn and turbine chillers but not for electrical power generation . Gas and* 
oil will, continue to be the fuels for the existing boilers since these boilers cannot 
Tdc practically con\^ coal. " - 



pT'^^'r Pollutio n Contr ol, Equipm ent " ^ ""^t • , . - 

1. ) . Sulfur " ' - ^'^ '.' ' i 

J ♦ * . - ■ V ■ ■ ■ ■ ^ . ■ ■ - --..^^^^ 

Sulfur emission limits wilTbe m6t initial ly by the use of low sulfur fuels. The . gas ^ 
^^Jfl" fur removal ksnlfs have significanf'^initial and operating costs. And, there is 
little experiecice with such un?ts in the boiler size range being considered at the 
University of Florida The boiler design configuration will, ijowever, b<& speci- * 
fied to provide the capability to add flue gas sulfur removal equrpmeht at a later 
date shoutd such' units become technically -and economically attractive. . ■ 

■ " . ■ " . ' - * .' . V 

2. ) ' Particulate ' > . - 

In order to meet the rather stringfent pol lution control requirements imposed by . 
the Stafe of Florida, the Univer/i ty has a choice of two options for control I mg' 
stack gas particle emissions; eleoJ-rostaiic precipitators and baghbuse filters. 

A. number of factors eliminate tbef electrostcrtic precipitator frbm application at 
the University. of Florida. The electrostatic precipitator? has reduced efficiencies 
;wherv low sulfur ^coal is the fuel>^esistiyity of the^codl fly cish is too high fer 
jeffectlve precipitate/ operation^^ High temperature electrostatic precipitators 
located prior to the^^nomizer^and air preheater sections have been found useful 
in applications us ij:ig low sulfur cc^I but thisjs a reiatively new appftoach and has 
hidh operation and .maintenance costs associated ^vir^\it. ^ , ^ . J. 

AT^c^house filter hds:been'serected to provide particle emission control for fhe 
University orFlorida IU5 conceptual design^ ^ Ekighouse filfers have historically 
ho'd tower initial CQSts-bat higher operdt ion and maintenance costs th6n ^lecttd-' 
static filters. The bags are the weakest link.ih tlie system. > However, recent' , * 
iyis tq 1 1 dtrohs have incorporated design changes such as^ulsed flow for ba^ c^edri - ^ 
ing and revised floyy patterns which.bay^ Sf^'^^tjy extendadTtTe bag'life. and unit 
^fficiencyi^fLaghoijse fil^ dpplicdtjon and'js » 



now finding favor in the power "industry for Ose o/t small system 



5. 



Alternate A (5 MW) Select Energy 

\ . . ' • ' f '■ ' ■ . ' 

Rationa le \ 



Ihe'greotest economic advontoge from the installation of a dual purpose- p^er 
; plant will occur with full ^stem utilization . VVhl le largeY systems rtiay show 
loVrer returns on investment, the installation of a partial ^oad system. may well 
be <x good . inyestment and at the same time provide increased-avoi labi lity and 
flexibllity of operation and expansion . This design alternate' is sized to -g^ovide 
. ^ ^stism whicji operates at full capdcrty throughout the year." Alternate B cOii-^ - 
siders the Sponsion of the Alternate A system to proyide^grea|er reJiabi lity apd^ 
f lexibi lity of 'operation . / 



JPower CycJes 



As shoyyn in Figure VI I -4, the pQwer cycle for a minimum configuitifi on includes 
a backpressure dutomoHt variatfe single extroQtion turbine. The extraction qt 
265 a supplies the existing steam turbine driven centrifugal chillers and pro- 
vides bleed steam to the tiigh pressure feed water heater. The 75 psia exhaust 
is fed to the existing steam distribution system / Heat balances for en<srgy ex- 
tractions from this cycle are given in Table X-1 and Exhibit III . ' 



r r 
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System Si zing 



From projections made for- 1981 utility requirements, the minimum electrical ^ 
demand of 6,500 kW occurs in December. The steam demOnd that occurs with 
this minimum electrical load conditions is 90,500 poupds per hour. - - . 



The^.ro|ec ted minimum 75 psia steam demqnd of 80,500 pounds per hour occurs 
-in Marcf?. The power generation at this minimum steam load by the proposed 
power plan! cycle would be 5,500 kyV. 




•'+ie high pressure throttle stiMrt^^ ratWo the steam tui;bine with a 5,000 kW 
load^would be ^0,0004^^ 75 psia stearff productiori would be 72,000 Ib/hr 

Hence, .o dual purpdsie.power plant consisting of one 100,000 pounds per hour 
coal fired boj ler using oi | an^^^g^ as alternate fuels and one 5^000 kW automatic 
variable extraction backpressure steam turbine/generator was selected, 

d. .Performance 

The iyersity heating and cooling*'lQa*ds are of such magnitude that the>propbsed 
^yft^"^ full capacity. As presented in Table Vll-T, 27 percenr * 
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BOILERS 
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EXTRACTION 
STEAM TURBINE 
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FIGURE VIW TWO FEEDWATER HEATER, NON CONDENSING TURBINE/BOlLER FLOW DIAGRAM. 
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■/ OPTION A OPHON'B OPTION C 

BASECAS^(2,3)'ll£WCOAt«.SEIia JELECTENERGY SELECTENERGV 

(2,4) ■ '(2/4,5)^, vABSORfTION 

• ■ ■ ■:(S,6,7) 



OPTION D 
SELECT ENERGY 
+ABSORPTIPN 
*^0%LTHW.. 
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New Coqj Boiler Rated Copoclty, 1000 Ib0ir ' 0 

' FuelRieddO) . . ' 
Hiatlng.VfllueJO.Btu 



Oll,10 GoL 
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,' Overall Enei^y Consumed, iiO Btu' < 
' Energy Savings, 10 h 
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TABLE VI 1-1 (CONTINUED) 



Solid Wojte Enwgy 


J2.5'MWwifh2STPD. . 
Solid Wojte Incmeration ' 


l2.5MWwith75TPD 
Solid Waste Incineration; 


6.25MWwifh,25TPD 
. Solid Waste Incineration 


6.25 MW with 75 1?D 
Solid Waste Incinerotioti 


ELECTWCITY ' 
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New Coal Boiler'Rated Capacity, 1000 Ibs/hr 
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K ; . ' "The existing sysf em energy requirements have befen,proiecte<^ to 1981 
and ah^dditlonal 5^00 tons of air\ conditioning have been a^umed to have been 
u .<»nnecfed to thle central system. ) 

^ 2. ; An addiHonal 5900 tons of electric priotor driven centrifugal chillers 

installed.:^ ' ) 

Jiectric motor driven ers are base Ipad&d and the existing 
ren ihiljers'provide, peaking. . . • . . .. 

4".. ' The stedm turbine' driv^.chi Hers are loaded to the extent steam is 
available from the 'turbine generator after satisfying the heating , load . * 

5. • . Electricity is generated by condensing steam to the extent steam 

is available qfter meeting the heating and. chilled water loads. .Sufficient steam ' 
i^ condensed ^at dll times to provide blade cooling. 

" i •; , . ^. 

6. ' Absorption chillers have been installed instead of electric motor 
•driven chillers. ' 

■ - . ' ' ' ^ ■. 

^ The absorption chillers and steam turlsine driyen ch i I jere .are loaded 
according to the extent steam is available after satisfying the he'&ting load. 
Existing electric motor driven chi 11^ provide peaking. 



8. ' Thirty percent of the heating load is extracted fi^O psia to provide low 
pressure steam distribution or generate low temperature hot water. " ' 

9. ^ ; The turbine ratings shown are for steward autpmatic variable extraction 
^ [urbines which can generate upwards to 150 peWent. of the basic frame power ratings 

in the size ranges considered in^this study if the Qonnected generator Is so rated . 

10. Thermal efficiericy of the existing gas/oil-fired boilers is ossumed to be 
, 80 percent. The new.^.1 -fired boilers wi II have air p|pheaters and economizers 

and have an efflciericy^ 84 percent. " 



of the electrical power and 85 perc 6^ the 75 pstq steom requirements of the 
Ohiversity would be satisfied by this system * ^ . . ^ 

6. AHernate B (10 MW) Select Energy ' ^ ' ) 1 

a. '-^ Ratiohd^ - ^ V ' * " ' 

■ - - . ■ « ■ ■ ■ "^^ > ■■ . " ^- * - * 'r ' 

> Alternate B is the iogicoi extension of Alternate A to ihtrlude grefater generating 
capacity^ more rfelia*B1e ser/ice and increased flexibi Kty\ The condensing steam 
Kjrbtne"^ by virtue of the condenser, has the ability to product electric* power 
irr^^espective of the heating demand and would be used to reduce demand charges 
• Trom the Florida Power Corporation during those periods of low steam demand and 
high el ec trice I demand. Two turbines are incorporated [nto the design to provide 
added reliability and the system wi 1 1 have capability for 5 MW out^t when one 
unit is' off line. During th^se periods Alternate B would perform similar to Alter- 
nate A, ' 

b. Power Cycle . ^^""^ — 

The power cycle for Alternate Brncludes an additionot 5 MW superimposed on the 
cycl^ for Alternate A. The additiona I 5 MW capacity will be provided by a var- 
iable etxtract ion condensing steam turbine . The operation of the backpressure 
turbine will be the same as described in the previous sectSpn - Figure VI 1-7 shows 
a schematic of the conclensing turbine- power cycle. . Thelpctraction pressures will 
be the 'isame as for the noncondensing system, 265 psia, 75 psia and 30 psia . Ex- 
' haust to the condenser will be at 1 .5 psiq . Steam extfacte,d at 265 psia wi ll be 
supplied to the turbine driven centrifugal cWjIers and a portion will be to the 
high pressure feedwater heater. The 75 psia extraction steam will supply the 
present 75 psia steam distribution system and provide^ble^ed st^m to the inter- 
mediate feedwater heater. rThe 30 psia extraction port suppli es bleed steom to 
the low-pressure contact deoefating feedwater heater. 

The beat balances for specific heqt extractions from th^condensing variable ex- 
, traction cycle are given in Table E l 11-^ of Exhibit 111. 

c . System Sizing • ' - . ^ 

From the projected load duration/ the ^electrical demand wi 1 1 be greater than 
lO^OOO'kW for 8,000 hours per yeardnd a 10,000 kW generation capacity will 
have 98 percent utilization. To provide increased system availability and flexi- 
bflity of operation, tvvo turbine generatoVs of 5, .000 kW rated capacity each were 
selected.^ Stedm generation will be by tv^o 100,000 pounds per hour boilers. 



Perfonmancie 



As shown in Table VII-l, the system wi I l^ovide all the heating and cooling 



FIGURE VII-5 5, 000 KW'ISfON-CO^ENS IMG AUTOMATIC. . 
VARIABLE EXTRACTION TURBINE GENEJ#rOR PtRFORMANCE CURVE 



MAXIMUM THROTtLE FLOW 




PERATING CURVE WHERE 
MAXIMUM THROTTLE ^TEAM 

LIMITED BY BOILER CAPACITY 



CONDITIONS - 
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75 PS lA EXHAUST 



4 5 
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'f-6 . S.WCT:^ COmENS I NG AUTOMATIC^ ' 

:tion tur-b I ne generator performance curve 




MAXIMUM THROTTLE FLOW 
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CON&ITIONS 

is PS^IA EXTRACTION 
PSlA-^XHTWalST 



Steam requirer^ents, and will g'fenerot^66" percenf of fhe ele^rfcal requirements 
of the University . " 

-1 Th^best energy efficiency of the system is realized when sufficient steam is pro- 
duced and extracted to supply the thermal loads and minimol steofrn to prpVjide 
' blade cooling is exhausted to the condenser. /FuNeft uti I izatibn of the sysf^em 

. realized when the maximum alloWabre steam is sent to the condenser after 

dir Vhermai loads are ^tfsfied . If minimal steam is. exhausted to the condenser, 
< >he heq t rote for ifie system is less than 5, 000 Btu per kWh . For fu I lest uti Jrzo- 
ti9nSoF the system, the heat rate of the sysi.em is 7, TOO Btu per kWh . Both of 
these heat rotes are considerably less than the^l^ Btu per kVVh of Florida 

Power CorpoFation for generaTThg tronsmittmigi the same quanfity of electri- 
city to the University of Florida 7V - , ^ 

System availability will be increased with the dual line of boilers and turbine gen- 
erators. And, control of the electrical generation is simplified with the,flexible 
operation of the condensing automatic variable extraction turbine. As heating 
arid cooling loads ore added to the system, the portion of the power produced by 
condensing steam will be reduced, thus, providing for system expansion and effi- 
ciency, through increased utilization of extraction steam . i 

The backpressure turbine will hove the same performdiice curves as that shown in 
Figure VII-5 for Alternate A. The full capability of the basic 5,000 kW frame 
could b& used when the condensing turbine is outr of service. 

The performance curves for the condensing automatic variable extraction turbine 
are shown in Figure VI I -6. The basic 5,000 kW variable extraction turbine frame 
con Support the additional generator capacity shown by the dashed lines of Figure 
S/H-r6. This additional capacity and flexibility of operation can be purchased few- 
less than 2 percent of the basic turbine/generator price. ^ 

7- ^y^erndte C (12 .5 MW Select Energy + Absorption ChiUers) - V - 

Chilled water production for centrar air conditioning forms a substo^iol portion 
of J-he energy requirements of the" University . Since J-he Fefrigerotioi^ equipment 
can use e fee trie ity, steam, or hot water-as the energy source, the. effect of these 
-a Ij-ernotd methods of refrigeration on the performance of a selett energy system 
should be considered. Of particular note is the possibi I ity of significantly" alter- 
ing the power to heat cbnsumpgon itatio of the utility system by switching from 
electric motor driven chiliers'l^J-eam turbine driven chillers or absorption chrflers. 
This change hasr the effect of reducing.ejectrical demand and energy consumption 
while increasing the heat consumption by extracting more steam for the absorption ^ 
chillers. - * 
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or.. ' Aiterndte dil l je^ Water Energy Req:uiremer>te 

A compai^son c^f the energy requirements ,of t1ie various possible, methods of prdvidT' 
ing chiH^d wa.ter.f or cooling, the is given fey Table yil-2. 




'hien there is no 
.6 times ino re o vera 



Conventionol System 

by. prc^duct powe^enerqtion, absp)|) require " • , - 

rerdll energy than an electric motor dfiven c'entri fuga I chiller L;^': 

Total/Select Energy System • 



The electric motor driven* centrifugdj chillers do TjeqowqJJG percent less ^overo 
fue! than absorption chillers in g^elect^neVgy. sy^erh. B^^^ .; • 

purchosed electrical energy: costs and demand "charges oF a s.electl^l^em,H3S^own 
in tcrble VlI-2 make the use of absorptioif'^hlMeTs^vvJth q.fotal/seiectiye energy 
system economically attractive. Further, since, the propofed fuel for this system 
is co<^,vthere still is a. reduction in oil consumpti'On proportioncf^jto the liduct ions 
in electricity purchased and the fraction of fuel oij burned by theeanjgiercial 
power system. . * 



The relative advantage of absorption 
TTie irote of increase of the "price of 
..tricity'O, and hence the ad vantag 
itidihtained. • 



b. 



Rationale 




dependent on the price of fuel . - 
c ted to be less than that of elec- 
tion chillers is ^expected to be 



The University has begun a 10 year central air conditioning expansron program 
-^during which time 8,000 tons of chilled water generation capacitytis to be added 
to the central chilled water system-. The additional refrigeration equipment, as 
recommended in d previous feasibtlrt)kstudy ^^), is "to be electric motor driven 
centrifugal chillerai: Each additiopql^oR of air condltionijng by an electric motor- 
driven centrifugtil. chiller will cauj^^ additional 0.^ khiowatt'electrical load./ 
Operation of this equipment could substantia Hy raise the electrical load during 
'the summer monthis,' which is a Ireddy the peak electrica I demand period for tine 
University: , . 

The use bf dbsdfption chillers would not increase the lejectncal demand. Further- 
more, the additional power generated>»ffrcrsdect energy system while supplying , 
the low pressure steam for the absor^stion chillers would lower the peak purchased 



^ +ri CO I power dema nd . 
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System " 




Con^tional System 
. ^ Abjorption (1, 2) . 
■ ' Turbine Centrifugal (1, 3) 
Electric Centrifugal (4) 

Select Energy System 
Absorption (2, 5), 
Turbine Centrifugal (3, 6) 



NOTES:' 

2. : ' 

3. . 
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5. . 

6. - 

7. : ■ 

8/ 
9. 





f6YiDG0STi;P|Mjai0N^ 



Energy 



Net Coils, yiO Btu Cooling {9) 



Fuel 



Fuel 



'l."87 
1.34 



2.39 
1.50 



64 



-118 
■36 



0.72 



■r.33 
■0.40 ' 



1.87 
1.34' 
0.72. 



1.03 



1.10 



..l.jB7 
1.34 
1.66 



■0.67 

0.57 




2;81 : , 

*2.j)i; ^ 

1.66 



0.53 

1^1.32 



Existing boiler efficiency is assumed to be .80 percent, ' * 

A lithium bromide (^rption chiller with a coefficient of perfoniionce (C6^ 

Existing steam turbikdriven chillers hoving a' COP of 0.$b. , ' . 

Electrjc motor drivA centrifugal chillers with a COP of 4.6. ' ' • • 

Steom'extracted at i-psia from a select energy system. ' . . 

Steam extracted ct 2*5 psio from a select energy system. .* , * ' 

'Power is purdSased frin a cot^ercial supply for the conventlonol system," while on-site byproduct electrical power'is 

generoted%the'selefcwergy system as given in Ta^^^ - ] 

The commercial supply centra[ stotion heot rate for generation to the University is 1 1 ,275 BtuAWh. , ; " 

Consumed electrjcity prices are $0.026A^arid consume<l fuelpn^^ 



Fuel 



, Fuel ■ Electricity Central Overall ; 51.00/10^ Bt>^^\$l. 50/10^ Btu S2.-00/loSt 

Consumed Consumed Station Energy - - 

10* Btu mW- Fuel •■ Cc^su^ed 

Consumed 10 Btu 
; ' 10* Btu (8) 



.3>74 ' 
-2.68 



1.72' 
2.07 



0 



c'. " Power Cycle . * 

» ■■ • ■ . , . ■ 

A condensing variabfe extraction turbine power eye lie configured as shownvn ' 
- Figure Vll-7 for Alternate B would opergte in parti [Tel with a non-condensing ex- 
" tractiop turbine pby^^e^ cycle configured as shown '\& Figure Vlf-8: . 



d. " System- Sizing . 

■ ' ■■ ... . ■ ■ 

I. • .' ■■ ■ ]'''' '• ' ■ ■ ■ ■ • 

For this' fe^asibiJity study' Tt is assumed^ that absorption chi hers, are specified for 
the 5, 900 tons of oir conditioning scheduled for instal lation by 1981 under 'the 
/■central air conditioning system expansion program. .The same utilization and de- 
mand characteristics are^assumed for the additiondr 5;900 tons of codling load 
scheduled for cpnnecti<^n to the central air condition system as,^ccurs for the. v 
. existing qhU led woter distribution system, ' . - 

•• ■ • . • ' ■' ' .' ■ ■ "■ • ; " • 

'T«e change pf operating conditions to provide contcolied extractions at 30 psia , 
-•reduces the maximum'^hrOftle steiam flow rates for the 5,000 kW turbine, 'Further- 
more, *the abscfrption 'chil lers ptovidfe a substantiof increase in steam load. Hence 
the next large|vtil(;bjoe generator size (6,250 kW) was selected. The combined ^ 
steam generatiCT||capacity of the bbilers selected was 240,000 pounds per hour. 
The performance curves for the 6,250 kW non-condensing and condensing variable 
^'^xti&ction turbines are given as-Figure Vll-9 and VII- 10 respectively^. 

■■ . . ^ - ., ■ ■ ■ t . • : . > 

e. Equipment Loading ^ * , 

The 'absorption chillers and existing steam f^fibine driven chillers are loaded 
pccprding to the extent of steam available otTer satisfying the heating loads. 
Existing electric motor driven chillers provide peaking. 

, * ' * , * - ■ 

Additional electricity is generated by the condensing turbine generator to the ex- 
tent steam is qvailabl^.after the heating and chilled water pipducti on loads are ; 
saY'sfied and there is dddi'tional electrical, demand. Stjffici^t stedm is.goncisnsed 
at all times to provide bjade cooling in the- low pre^ure. section of the coftdensirrg 
turbine generator . , , •. ' 



FIGURE 6,250 KW NON-CONDENS ING AUTOMATfC 

VARIABLE EXTRACTION TURBINE GENERATOR PERFORMANCE CURVE 
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FIGUREVII-10 6,250 KW AUTOMATIC VARIABLE 
EXTRACTION TURBINE GENERATOR PERFORMANCE CURVE 
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f . % Performance ■ ^ vA- 



Under the operaHng conditions given above, this alternate will meet all the therX 
ma I requirements of the? University and gei^srate 77 percent of the electrical re- 
•qui;rements as is shown in Table Vil-l .X^ - 

.. . .•- 

The electrical consumption will be reduced by 17 percent relative to the'base 
, case ar^d the ov,eraH energy^requirements are reduced by ^percent. " By using 
absorption ^chi Hers, the overall energy requirements are i^reased over that fof 
Alternate B.^oweverv the overall fuel oil requirements wi 1 1 be. reduced propor- 
tional to the purchased electricity and the fuel oil consumed by the commercial 
power system to generate that electrrcity 



4 , ■ if J"* 



; The design has been sized such that the boiler and turbine throftie;^^ rdtfes are 
the limiting factors. There is d substantial portion of the year whe^ fSjlph eating 
and coo I mg loads cannot b;e met by the system and it is necessar))'' to "Presort to 
operating the electric motor driven centrifugal chillers to provide the additional 
chilled water production. By increasing the system size to accommodate the 
additionar low'pressure steam requirements of th^ absorption chillers; lower annual 
utilization of the system generating capacity will be reali^^ed. The condensing 

^ variable extraction turbine provides considerable flexibility to Vhe system operations 
in that the additional steam generation capacity when riot reqt to supply-sleam 
for hearing and cooling will aHow the prodbction of additional electrical powec. 

Also, by converting the present steam distribution system to a low pressure steam 
* distribution^.stem or a low temperature hot water system so that it is possible to 
extract steam dt Tower pressures, additional power can be generated for the same 
hedt'loads during the heating seoson. Thus a higher anhy»HTFilization of the 
select energy system would be realized. This possibility is examined by the next 
section . * " " . ' . . 

Alternate D (12.5 MW Select Enei^y + Absca^tion Chillers + LTHW) 

A.vitaf'iink of the central heating and air conditioning is the J-hermal distribution 
C system. The distribution system is also a major part of the utility system investment 
as there are miles of installed pipe, wire and tunnels to distribute the utilities^ 
And, since a thermal distribution system is likely to still be in use 30 yeors f rom 
the date of its instal lotion, it is essential that the suitability of the system for ixse 
with future energy sources be carefully examined. 

o. Alternate Heating Energy Requirements - 

Table yil-3 is a comparison of the o vera II energy requirements for various methods 
of providing heat to the-University of FloricJa. 
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T^BlEVI,l-3 ENERGY AND.COSTS PER MILLION BTU OF HEATING 

Enetgy ' Net Coste, $/]Q Bfu, HeotinalT} 

; . . ' ' ' ' 

SYSTEM FUEL ELECTRICITY" CENTRAL, OVERALL $1.00/10* Bhi Sl.SO/loStu $2:00/lO^Bl 

^'CONSUMED CONSUMED (5) STATION E[f RGY • Fuel Fuel Fuel 

10 Btu kWh Fl|L(6) rBh) ' 

10 Btu . ■ ' 



1. 



Conventional * . • , 

Electric (1) - 293 3.31' 3.31 7:62 ' 7.62 

Steom(2) 1.25 ' . - , - 1.25 1.25 < 1.88 2.50 



Select Energy ' ' - 

Steam (3) / 1.52 , ' -60 , -0.68 .84 -O.W . '0.72 . • •1.48' 

LTHW(4) 1.60 -79' -0.89, -.7^ ^.45- , .0.35 1.15 

NOTES: , ■ . 

. ■ ^ 

1. Electric resistance heating 1s assumed 100 percent efFicIent'. .. ■ 

r2. Busting gas/oil Pired boilers tfe assumed to be 80 percent ^ 

3. Steam is extracted from a select energy systerj ot 75 psio. ' ' • \ — 

4. Steam is extracted from a select energy system ot 30 psio to generate, low temperature }»tvw^^ ' , * , 

5. Eledrjcity is consumed in the conventional systeirt and is generated as a by^ro^^ 
pressui'e steam In the select energy system. ■ < . • 

6. Central station power generotion and transmission heat rate Is 11 ,275 BtuAWh. j 

7. ' Consumed electricity priciB ore $0.26AWh and consumed fuel prices are as given. . \ ^ 



1 •) - ConvenHonal vs Tofgl/Seiect Energy 

Thfe advantage of praducing electrical power ds a by-product of generating heat 
is obvious. While the select energy sy-stem requires 27 percent more fuel be 
burned on-site than the conventional system' to supply 75 psia steam heating, the 
oy_ena J L energy consumption of o-select energy system when including credits for' 
fuel not consumed at the commercial central station to generate the equivalent 
by-product power Is 30 percent less than the conventional _syster 



im . 



^'^ <^onventI.o nal vs Total/Select Low Pressure E^^traction 

When a low pressure (30 psio) steam distribution system or a low temperature 
(240 F) hot water distribution system is used, the advantages are even more pro- 
* nounced. A low pressure steam or a low temperature hot water distribution system 
would require 42 percent less overc 1 1 fuel for heating than the exisfing conventi.onol 
system using steam for thermal conveyance without by-product power generation. 

. High vs Low Pressure Extraction ' . 

A decided advantage accrues to the use of low pressure steam on a low temperature 
hot water distribution systems as apposed to the .present steam distribution systems. 
Thirty percent more electrical power can be generated by the select energy plant 
if a low pressure steam distribution system or a low temperature hot water distribu- 
tion system is used instead of the present 75 psia steam distribution system. Further- 
more, the overalJ energy requirements of g low pressure steam distribution system 
or a low temperature hot water distribution system would be 17 perJent less than 
the 75 psia steam distribution system when credit Is given for the additional by- 
product electrical generation. 

■ Electrical Resistance Heoting 

Electrical resistance heating requires almost three times the energy of the conven- 
tional steam heating system and almost five times the overall energy of a select 
energy system with a low pressure steam or a low temperature hot water distributiori • 
system. Electrical resistance hteating increases the purchased electrical demand, 
and deprives a select energy system of a heat sink for,the use of waste heat.from' 
the production of power. , 



°- Existing Thenmal System Compatability to Low Pressure "S team or Low 

Temperature Hot Water 

— ' • 

A select/total energy system extracts as much electrical -energy from the steam as 
possible before the steam is exhausted from the turbine and the waste heat used for 
space healing and cooling. By lowering the pressure at which the.steam is extracted 
from the turbine, substantially more electricity can be produced per unit of heating. ' 

, VH-34 • 



er|c ' • . iOi 



The pronounced Impcffvement in power to heat generation ratio, particularly at 
lower pressures, is shown in Figure .VI I -2. 

.1 .) Low Pressure Steam 

Essentially all of the steam distributed to .the campu5n3^ reduced-i-or3G psia or less 
at the building sites. This reduced pressure steam is then further throttled to o' 
lower pressure to control the temperature. As noted earlier in this section, the 
present distribution system supply pressure could be reduced to increase the power 
to lieat generation ratio of a select energy system. Pipe sizes ond pressure drops 
determine the lowest acceptable steam supply pressure* 



2 . ) Low Temperature Hot Water 

Presently low temperature hot water is used as the heating media for approximately 
80 percent of the space heating loads connected to the central steam distribution 
system. Steam is used to heat hotwater In thennal converters (heat exchangers) 
at the building site. And, it is the low temperature hot water which is circulated 
throughout the building to provide space heating. The existing distribution system 
can be converted to a low temperature hot water system . 



>team vs Hot Water Distribution Systems 



There are a number of advantages of hot water distribution systems relative to 
steam distribution systems which merit consideration. 

1 .) Dual Purpose Power Generation 

Higher overall select energy system efficiencies can be realized by heating and 
dfWibutmg hot water than can be realized by simply extracting and distributing 
steanv^ The reason Is that steam must be extracted from the turbine at the supply 
pressure of the steam distribution system. In contrast, water con be heated In 
stages (regenerative heating) with only the final increment of heat added at the 
peak temperature. From the standpoint of by-product power generation, hot water 
systems can havjp a decided advantage. - ' 

2.) Reduced Heat Loss 

The following contribute to heat losses in steam heating systems: open vents ori 
condensate receivers; flashout losses and leaks in steam traps; and boiler blow- ^ 
down. These losses typically require an additional 15 percent in fuel costs than 
if^'there were no losses. A hot water system, on the other hand, is a closed circu- 
lating loop, with only very minor losses from leakage at valve stems and at pumg 
stuffing boxes. Inasmuch as the amount of makeup water required is only a small 
fraction of that required for a steam system, this greatly reduces the need for 
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blowdown, thereby doing away with a source of considerable heat loss 
3.) Independence of Contour ' ^ 

Condensate collection systems usually h^sW^y gravity, so all lines acelpitched In ^ 
the direction of the receiver^ Forced circulation hot water lines are eWirely 
mdependent of the distribution system layout. However, since C;?ater is much 
- more substanticJl pipe suppoiifc-in tunnels and inside buildings 

will be required with water systems than with steam systems. * 

4.) Equivalent Pipe Size ' V 

The thermal energy conveyed per unit of vofume of water is approximately 40 tirfles 
that for steam at the equivaJent saturation temperature. Even after accounting for 
veloclity d.fferences and friction, sma 1 1 er supp ly pipes canbe used for hot wat^r 
distribution systems than an equivalent steam distribution sy^em. And a hot ' 
water returp line will need only be on or two sizes ldi;^er than the condensate line 
reqmred in a s^eam system. 



5-) Thermal Storage 



r 




A hot water distribution system acts a^ a heat.accumulator due to its capacity to 
store heat. This may be likened to an energy reservoir, which can accommodate 
su^n heat demands without loss in temperature. Steam systemsoften suffer a 
te^erature drop when shock or peak'loads occur/' which coufte a drop in the boiler 
Pf^ure.- But because of the heat storage, hot water generators need not be sized 
for m ximum peak loads. Steam boilefs require such sizing to- prevent pressure 
loss.es and accompanying temperature losses. \ 

V 

6.0 Isolation of Systems t 

'■ ^ / ^ • 

The steam to water heat exchangers-g llpw iiolatioti of the power generation cycle-' 
from the themnal distribution. Any failyre of the distribution system will notappi^ 
ciably affect the backpressures seen by the turbine, And, since the systems cl^ 
isolated the woter purity of the boiler and turbine can be maintained at-a high ' 
level whi le the .thermal jJistributionsysjtem can be somewhat lower^ 



7.) Reduced Maintenance , - \ 



" ^ ■ - • 

.V Condensate lines are usuaMy subfect tci corrosion ,>ecaus'd mineral frjse wdter cdm- 
bmed w^ atmaspheVic bxygen, becomes very corro«ive<The absence of drips and 
vent^ receivers and the consequently negligible infix air in a propyl/ operated 
wqter system tend toward lower maintenance costs. * Furthemiore, -the^nternal / 
corrosion that commonly occurs in steam systems car^be controlled in hot^water 
S);'stems by the addition 6f chemicdl inhibitors not available to steam systems 
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• 8.) . Safety 

^ Evaluations of the operational safety of hot water systems and steam systems hdve 
indicated that, in the event of Wpe breakage, the water^ystems are less hazardous 
than steam systems at equivalent saturation terhperatures. — 

t ^ . . , * 

9.) Solar Comptatability , . ^ 

^ A low temperature h©t water distribution system would be compatible with a solar 
booster system while a sream distribution system is nd^. ^ ' 

" ■ «• . 

d. - Rationale > ^ 

There is an on-going program for the replacement of aging steam supply and con- 
densate return lines throughout the steam distribution system". And, as an alternate 
to simply replacing an existing steam distribution system consideration is given to 

• developing a master plan to install a low temperature hot water distribution system 
for supplying space heat to the campus. The installation of this system could be in 
parallel with thejDr^sentlyplanned constr^iction of the central air conditioning 
chilled water distribution system and could be phased with projected replacement 
of segments of the present steam distribution system. 

e* Conversion Sciiedule ♦ \^ 

* ^ t' ■ 

f 

To be most cost effective, the conversion of a steam heating system should be 
phased with the need to replace and retrofit existing units. A detai ied^analysis 
of the building mechanical systems for the entire university was considered beyond 
< the scope of the present effort. However, to show the feasibility of converting 
to a low temperature hot water distribution system, a proposed first increment has 
b^en analyzed. This increment corHjders the connection of the medical center 
adjacent to the proposed select energy site to a low temperature hot water system. 

The proposed addition steanj line between heating Plant No. 1 and No. 2 could 
he designed for hot water and extend th^ distribution of water to the main 
' campus. And, the segments of the existing steani distribution system such. as the 
8 inch steam line (noy/Zvalved off) ojnning north from the mediccri center could 



be converted to distribute hot water. A review of the utility-js^^tem study (2) and 
central qir conditioning feasibility study (4) along wi^ proposed plans for modifi- 
cation and retrofit of building systems will- be nefi^essary to properly progrom the 
extension of aqd conversion to a hot water distf^butidfli system. ^ , ^ 

f . System Speci fication s * ^ ^ 

"The particular design pressure and temperatu: . ^^n for the thermal distribution 
system can lirrift the amount of wds^te heat^thc^ - be used by the buildings. The 
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maximum power to heat generation ratio-occurs for the mfnimum therma Udfstrlbution 
supply temperature. The low supply temperature can be attained by reducing the 
system temp^h^t.ure drop and the return temperature. The smalUr the temperature 
drop, the greotfer the flow rate and pump|ng requirements." T^^lower the return 
^ [^"'Pera/'^re Tfie larger the heat trailer sui^ce required" for We heating . Thus, 
jji^e choice of design conditions requires a detailed analysNL of the building mechan- 
ical systems and the distribution system . . y 

Low temReratufe hot water systems are normally designed to operate with supply 
temperaturesin the range of 100 F to 240 F. The lowest practical, sup'ply tempera- 
ture ^should be chosen. However, for the present feasibility analysis, a maxirnum 
supply temperature of 240 F with steam being extracted at 30 psia from the steam 
turbme to generate the hot water was selected. A supply temperature of 160 F 
or less .s possible and would be compatible with a solar heat collection system. 
Sych a low temperature hot water could not be used to drive a lithium bromidfe " 
absorp.tion chiller, but it could be used with an ammonia absorption chiller. 

I . . ■ ■ 

9- Increment Logd Size ' * 

Appro5<imately 40 percent of the distributed steam from Heating Plant No 2 
Med.cal Center which is located adjacent to the Heatiog Plant. It is estimated- 
that of this steam load, opproximateiy 5 percent of the steam is used in sterilizers 
and 20 percent is used for multizone beat-reheat systems. The remainder of the 
steam .s fed to hot water generators .^frp^ide heating and domestic hot Vat4r. ^' 
For the present analysis, only the e>^mng hot water distribution system at thb 
med.cai system, is to be considered for connection the proposed I US low temperature' 
hot water systemr distribution system . Thus, the load selected for evaluation is ^ ' 
JU percent of the overall heating loac( of j^6ating Plant No. 2. 

Reductions in energy losses by conversjori Vsteam distribution systems to low 
temperature hot water distribution systems have been reported in t»e range of 5 
to 20 percent of the system heating load*. ' An- assumed 10 percent reduction in 
load has been used in the present evaluation. 



There are four^hot water generator statip,ns to which the hot water distribution sys- 
tem wouia interface. The send out temperature on the space heatfng water is varied 
frorn TOO F. to 150 F: Domestic hot water is sent oU at 120 F and the temperature 
IS boosted to^lSO F in thej^+chens ' " 



Thf power cycle including turbine/generator and boiler size are the same as those 
given for Wfe previous absorption chi Her alternate. 

h.. Performance / ^ ' ^ 

As shown ^Jable VII-1, there is an 1 1 percent increase in electrical power generated 
'/-'■.' ^V!^-38 ' 



with no increase in purchased fuel or steam generation. Also, the overall energy 
use is 11 percent less than the base case and 5 percent less than Alternate C which 
did not Inclutle low temperature hot water handling. 

There is greater production of electrical power per unit of heating load and since 
the power cycle is boiler and trubine throttle flow limited, the decrease in. thermal 
load allows for greater power production by adjusting chiller loadings and ex- 
hausting inore steam to the condensers 

9. Increment of Alternate D (6.25 MW Select Energy + Absorption Chillers 

+ LTHW) 

M l ■III — ■ J 

This increment is offered as a means of phasing the construction of the 12.5 MW 
Select Energy plant to facilitate the budgeting procedure. However, the profit- 
ability indices presented in the following chapTer are such that this increment 
stands alone as a good investment should funding for the full recommended system 
not become available. This proposed increment allows the University to gain 
approximately half of the benefits projected for Alternate D. " 

a. Power Cycle 

The incremental approach would consist of a 6.25 MW non-condensing steam tur- 
bine generator configured as shown in Figure VI 1-8. The performance curve for 
such a unit would be as depicted in Figure VII-9. 

Porti ons of the campus steam distribution system would be converted to low temp- 
^ eraturl hot water in accordance with the Gonversi^ Schedule of Alternate D. 

b. Performance 

This system will also operate in an efficient and economical manner, yiefding 
approximately half th^enefits of power generation and reduced fuel consumption 
of the Alternate D sysjem. The system bejnefits are summarized in Table VI 1-2. 

•D. , SOLID WASTE MANAGEMENT 

# 

1 . Resource Recovery 

Resource recovery is the technique by which solid waste management is integrated 
♦ with the other utility sisrvices. Two modes of resource recovery, materials recovery 
and energy recovery, can be practiced and potential. for application of each of 
VERIC'^* at the University of Florida is considered below . A flow diagram of the lUS 
"■MifcJ waste management system is shown in Figure VII-11 . 
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a. Materials Recovery * ^ ^ 

Successful materials, recovery requires b separation scheme^ and a market. for the 
recovered materials. Ferrous metals, although easily separated, are often not 
marketable due to depressed local scrap iron Remands and the somewhat dirty 
nature of waste recovered ferrous metak. Other-constituents, such as aluminum 
fops and organic coatings on steel cans, often preclude direct use of this resource 
without further processing schemes. Although aluminum con be separated from 
more dense materials in heavy-media cyclones, it has not been demanstrated to 
be economically feasible. Glass is easily separated but must be color sorted be- 
fore glass manufacturers will purchase it. Furthermore, recoverable materials* 
constitute a small fraction of the total yaste generated by the University and con- 
sist primarily of aluminum cans and bottles. 

Hence, for technical and economic reasons, the installation.of a materials recovery 
system is not considered pract^'cal on the scale envisioned at the University of 
Florida. • ' > 



Energy Recovery 



J 



Regardless of the degree that materials are recovered, a substantial amount of 
heating value is available in solid waste. Of the several methods by which the 
energy of solid waste can be recovered, only incineration with heat recovery is 
considered practlcal at the University of Florida, Incineration with heat recovery 
can be accomplished in a number of ways depending on the^ unit size and mode of 
firing. The most likely alternatives are considered bejow. , 

1,) Controlled Air Incinerators 

This type of incinerator consists of two or more chambers in which waste materials 
ore combusted. Generally, the first or primary chamber is operated with less than 
the stoichiometric air requirement. This effectively reduces gas velocities near 
the grate, thus, reducing particulate emissions. Since^this chamber is operated 
under starved air conditions, wastes are partially pyrolyzed into combustible gases. 
In the secondary chamber, an auxiliary flame provides sufficient heat qnd oxygen 
to complete combustion of the gases from the primary chamber, 

A schematic diagram of this type of incinerator equipped with waste heat recovery 
is shown in Figure Vf|-12- The system has two stacks allowing operational flexi- 
bility. The system acts as a simple incinerator when the flue gqses exhaust through 
the^dump stack or as an incinerator with heat recovery system when flue gases ex- 
haust through the secondary stack'. In the event of control failure,* the system 
immediately directs the hot gases through the dump stack* 
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The small mcxJular incinerators have proven that they can efficiently process resi- 
dential and commercial waste, Th^e efficiency "of thermal processing is comparable 
to the largest municipal incinerators with typical vo'lume reductions of 95 percent , 
and weight reduction of 80 percent. With few moving parts, mointenance pr-oBTem^ 
and* hence costs are mmimized; As they do not em^ly waster washers or^scrubbers 
• to achieve their low-dw' emission rates or water quenching syste^ms to cool the ash 
residues^ the cost and environnfeni^ I control from tlhe use of waiW with large in^ 
cinerdtOTs hove been eliminated. , - , r ' 

2.) ^ Conventfongj Incineration with Heat Recovery ^ 

i Conventional incineration, employing excess air in the primary chamber to reduce 
thd heat .in^he gases emitted during pombustion, produces a muph more contaminated 
gas than results frSm controlled air n^chines. AFs^D, 'the temperature relationships, 
^re different between the -two designs-.' To meet air pollutipn conJTol codes, con- 
ventional Waterwall incinerators must (or should) install mechanical, or water 
operated, devices to treat the emitted gase5. Jhese"devices*also drastically coot 
the gas stream • Any heat extraction for energy recovery must take place before 
the gas enters the pollojtion control devices. 

The new controlled air^^incinerator designs are pot faced with these constraints. 
The corrosive elements and particulatesare coi^siderably reducedin the gas stream 
^by^ the high temperatures in the secondary chamber (after-burner) )vjthout the use 
of mechanical pollution control devices.* ^ 

3.. Cofiring ' ^ V. . 




The solid waste and coal could be cofired in'the same boiler. This method of in- 
cineration with heat recovery wos not considered practical at the Univer.sity of 
Florida for severa^reosons . . V* * -^X 

Cofiring requires preprocessing of the solid-waste before injection into the boilers. ^ 
The preprocessing equipment consisting of shredders, classifiers/ and conveyors • 
generally cost more than a separate. incinerator with heat recovery equipment. 
The variability of solid waste compositiori can eosily^couse fluctuations in steam 
generation which can seriously effect the turbine/ geYie rotor contrpls. There is 
a lock of experience in cofiring of so^id waste in. power generation boilers in the 
sFze^range contemplated at the Ooiversity of Florrda. The existing cofired opera^ 
tfons with power generation ore an order of magnitude larger than^he boilers- - 
being recommended in this study. ^ * 



2 . Operation of Controlled Afr.'IncineraTor^ 



-fhis type of iricin^ator js ovqi fable 'n factpcy^ .assembled units with -capacities 
normally Jess tharti^5 tons per day and is instqlfldwTn multiples of identical units 
to achieve the desired plant capacity. Sucif i> iijodujar approach p^v ides greater 
flexibilit/ of design than exists with I arger/vblume'- plants. ■ 



Very few units Have automatic asK removal. Wi tRout^th^is ffeature the' operation 
•must be cycled with the ash residue being remavedftay /an operator after buiJding 
up inside the chamber for a give^ number of hours'.' 



4 



'3. Recoverable Keat - 

The amount of heat ret bvered from solid waste depet)<^^ on^'the heat content of the 
solid wgste and the efficienc)/ of the heat recover)^ uniti. 



a^ 



Heating Value ' ^ > ^ 



The heat content of solid waste is highly dependeh^^n- composition Trash con^ 
sisting of a'^ixture of paper, .cardboard, cartons, wooden bb^^s/ and combustible 
floor ^s^veepings from commercial and Industrial attivities wjll typically ha^^ an^ 
as received higher heating v^ilue of 8,500 Btu/lb with a TO percent moisture con- 
tent and 5 percent incombustible solids . ^ 



1. 



Refuse frorpjapartment and residential occupancy common!/ coi^sistrof an e>en ■■ 
mixture of rubbish and^garbage by.weight with up to 50 percent njoisfure^and 20: 
percent incombustibk-jolids/ As received higher heating values of 4^:300- Btu/lb ■ 
have been experienced in heat recovery applications . . . ■ 

. ■ • . ; ■ ■■ r V . 

For this study a higher valOe of 5,500 Btu/lb has been assumed. This i's belfeved 
to be a conservative estimate in view of the high paper content of the Universi"ty 
solid waste." 

t>* -» ' Heat Recoveary Efficiency " ^ ' 

The ambunt of heat -recovered is dependent on the efficiency of theH^at recovery 
system. The efficiency of .heat recovery is dependent on both equipntoit. design 
and moisture conteht of the solid waste. The >p^aste heatVecovery^oiifer efficiency 
has been^assumed to be 70 percent based on the operating experience of cfsimikn- 
sized controlled air incinerator with heat recovery . ^ 
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As with materials recovery ^ there mushbe o way to the recoviered^ieat if this 
heat recovery is to be worthwhi le . ; ^ - 1 

a. Boiler Fuel Reduction 

In a conventional system the heat re«povered from soUd waste incineration can^ 
readily- be used" to generate hot water or steam and thus reduce the fuel consumed 
in the primary boilers. i 

With an^integrqted: utility system, the waste^ hebt from power generation Js used for 
space heating and cooling and domestic hot v^ter heating^ If the waste heat 
available from power generation is equal to^ greater than that which can be used, 
then'i^py use of heat recovered fronrT solid waste incineration to ^ppiy the thermal, 
loads of the University will reduce the Qmount of. low heat. rate gower y^hich can 
be generated. ... 

The steam generated in the heat recovery boiler can be used for4)Oiler feedwater 
' heating- ^This likewise reduces the amount of steam bled from the turbine/gen- 
erator and hence, reduces the power generated from the highly favorable heat rote ■ 
of regenerative feedy^oter hetiting for a backpressure turbine/generator as in Alter- 
nate A. .Therefore^ boiler fuel credit can only be given to waste heat utilization 
if the total/se feet energy system based on a backpressure turbine/generator does 
not supply the whole thermal 'load; The possibility of power generation from the ^ 
recovered h^t doH exjst for a^ totaj/select energy system based on a condensing 
turbine/generator. . . ' ^■ 

^ \ . * 

Cofiring of solid waste with coal in the main boilers has been dismissed because of 
potential operational difficulties and cost of preprocessing. \ . 

,b. Power Generation • * 

Art alternate to using the recovered heat for the thermal' loads is to generate power. 
By mfecting the recovered heat from the heaf recovery .boiler to the highest pressure 
feedwater heater, less stearn is bled from the turbine one! more steam can^pass to the^ 
condenser. The power generator for the net recovered heat feed to the 265 psi 

feedwater heater is 73.4 kWh/lO Btu. " ; ^ ^ ' ■ ^ 

■ r ft. ~ ^ / ■ ' . ' 

Since the boiler capacity and. the high pressure throttle steam rates are the limiting 
factOFS for. the present designs, injection of steam at 265 psi does not reduce the 
utiirzatipn of these units, if additional turbine or generator capacity were required 
to acconjmodate the admission of steam xit this point in the powe^ cycle, an account' 
ing for the increased capital costs would need to be made. c 
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University Solid Waste Inctnerotron 
Rationale . 



\ 



A^olid waste incineration system with heatVecovery could be installed with-tJie ' 
Selecf Energy system. Alternates B, C, or D. • Credit would Be given for the pc^vei' 
generatefJ by steam admitted to the high pressure feedwoter heater. X 25- foniper 
day foci li^t-donsistihg of two controlled air incineTators and a^ocioted changing f 
and bea/recovery units will provide sJfficient capacity when'ckanging for 7 hoOrs 
jaer day and operated 6 days per week. \ ' ■ , 

' b . „ Performance | v % 

The heat recovered from 7,000 tons per year of solid waste will generated ,3/970„p00 
kWh of electricity. At a heat rate of" 1 1 ,275 BtuAWh for 'the commerical V'ower 
supply, th6 recovered heat is equivalent to 45 billion Btu's of fueli per year,'. "~ 

■ ' ' ■ ■ ' - *i ' ] ■ • / ' 

Several variations of the solid waste management system are w^th Vioting'. / First, ' 
selective coHettion of the University splid waste may be beneficial. Secondly, - 
-solid waste from the surrounding community could^^4.rncluded'- 1 -| - - . 

The present solid waste manage ment'system at the University ddes not require waste 
segregation sf/ice all refuse is sent to a landfill for buriql. Depending on the type 
of refuse fired, some segregation of wet garbage before tncinerotion may benefit 
the heat recovery performance . Based on weekly refuse coIJec^ionidata, cafeterias' 
generate abcxjt 200 cubic yards of garbage per week as. compared to a tdtal Uni- 
-^versity generation of 3,800 cubic yards of refijse per? week . The wet garbage could 
be collected ^eparatel^nd sent to^ landfill, ^here is negligible recoverable heaf 
from wefr garbage and the reduced bmount of solid waste would iailow the Uniyersity 
solid waste to be' burned in the proposed system on a 5 day per week basis instead 
of the, proposed 6 days per week . » " \ * 

Since the university. soHd waste heat equivalent is le^"s than 2 -percent of the overall 
energy needs of the University, the possibility of importing solid waste from the 
surrounding conimunity has been investigated in the next section. ' . 



a. 



; Include Community Solid Waste 
• ^oti onale 



Upon lea/ning of the lUS feasibility study being conducted for the University of 
Florida, the City of Gainesville requested that the possibility o.f including the 
community generated solid waste in the lUS solid waste maliogement also be inves- 
.ti gated. . • ♦ . ' 
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The City of Gainesville generates and'disposes^over 40,000 tons of solid waste 
•to londfili per year. However, only that portion of the community solid waste 
which is of equivalent quality to that of the Univers"ityjwas considered in this study . 

• • • 

• ' A recent survey on the solid waste generation In the Gainesville area shoy^^^, thdt 
there >yould^e ayailable .lZ,000 tons per year, of solid waste ^rom qommercial 
sources,' and a 75 ton per day facility would be required to incinerate the » ^-nr^ 
bined inputs from ttie University and^elected collection from comrriercial sources. 
This refuse v/ould be primarily paper materia Is and is assumed to have a higher 
hedt value of 5,500 Btu/lb. ^ ^ . . 

.V- J ' .... 

b . • Performance . , ^ 

. ' ■. ' 

The heat re'covered from the combined 19,000 tons of solid waste per year would 
■genei'ate 10,800,000 kWh per year of eleetficity- 

E. - WATER MANAGEMENT 

■ ■■ ^ . . ■ 

The central theme to water management is the use of the minimal quality available . 
water which satisfactorily meets the needs of the intended use. Simildrl)r, the . 
treatm^fTTlevel need only be sufficierrKto-stitisfy the requirements of the specific 
use. The prop<3sed lUS water management facility for the University of Florida 
is shown in Figure VII-13. ■ ' * ■ 

• - . ' ' ■ .. . ■ ' ■ 

' 1.- ' Potable y^pier System , . , , . 

I • • ' '.. 

' The primary mode of integration of potable^ water systems is by displacement of the 
use ofpotable ^atei* for irrigation and process<s|ater. Since the University has a 
secondary water distribution system, to .serve these purjapses, the present I US project 
does opt directly ihc I ude th^ potdble water system.. . 

\. ■ ■ ■ 

The University does own and operate its own potable water distribution system and 
presently has under consideration a receYitly completed feasiyjity study 'fo^ ihstalh 
ing a potable water treatment plant. - . - 

2. Sanitary' Sewage System . ^ ' 

■J ■ • > 

The University owns and operates its own sewage col'iection system and treatment 
.plant. The treatment facility .me^ts all Federal. and State discharge regulations.. 
" Construction improvements are presently being made to ensure high performance v 
i'-'e'ls through the next decoHo- ■ .. | 
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Discharge and Regional Plans 




The Environmental Protection Agency issues National Pollution Drsdharge Elimrno- 
tion System (NPDES) permits to facilities in conformance vyith app liable, and ap- 
proved Section 201, and 208 (of the Federal Water Pollution Cor^trorAct (FWPCA)) 
drea-wide plans. The Alachua County 208 plan is presently being developed and 
the role, of the University sewage treatment facility in this plan has not been deter- 
' mined. 

The Deportment of Pollution ConTrol has notified the University that provisions 
should be made to connect to the regional waste water^eotment system when .this 
facility becomes operational. The regional treatH»e»KTacility is in construction 
with project completion still several years in the future. The final decision on the 
status of the University sewage treatment facility will depend on the outcome of 
the 208 plan presently being formulated- The University planning is influenced by 
factors over which it has little control - 

b. Available Alternates * 

In the absence of firm commitments from other authorities, the Uriiversily has under 

- construction two wastewater treatment programs which may be implemented in the 

- coming decade* The olt^ndtive to be followed awaits political and financial de- 
c is ions of others. " ^ ' . , 

1.) Discontinue Treatment of Sewage on Campus 

A prerequisite to foMowing this course of action is the authorisation, ^funding ar^d^ 
constr^jction of a truly regional wastewater coi lection and treatment system with 
statutory authority to require the University to deliver all or part of jts sanitary 
sewage to that regional -system. The dote by which^this transfer of treatment re- 
sponsibility will occur, the authority for such action, and the financial questions 
arising from purchase of the existing University sewage treatment plant and estab- 
lish ii^g^charge^ for treatment of campus sewage hove not been resolved. * 

The implementation of the alternate will require the instollatfon of a 10,000 ft, 12 
to 16 inch pressure line and ^^umping station to connect with the force main oh 
34th Street. Estimated construction dosts of this alternate are over $1,000, 000. 
Based on the latest ordinance, the anticipated sewage rates for the University to* 
dump its^ sewage to the regional treatment facility are $1 .07 per thousand gallons. 
This compares to the present operation of the University sewage plant costs of 
$0.24 per thousand gallons. " . 
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2. y Continue Operation^? University Sewage Treatment j^la^t , 

The continued operation b£ the Univierslty of Florida sewage treatment focility to 
meet currfifnt and possible future effluent standards wCuild require the assignment 
to the University of responsibility for treating University wastewater under the 
approved regional plan> \ ' 

ImpiementatioQ of this plan would require construction additional treatment 
-units before and after the existing trickling filter and contact stabilization plants. 
The ujDgroding of both'plants would achieve organic, suspended solids and nutrient 
removal efficienci^ meeting goals set by 1972 Fec^eral legislation. The proiect 
costs for improvements to Sanitary sewage fpciiitfes have been estimated at 
$1/300, ©00. ^ \ > / 

If the University continues the operation of the existing sewage treatment plant 
, under a regional plan, the^reuse of treated wastewater could prove beneficial in 
that the quality of the renovated water need only be acceptable to the proposed 
us^. Thu^/ the quantity of wastewater rec^uiring advanced wastewater treatment 
would beV^sduced. 

} 

3. Water Reuse v 

The potential exists for an iUS to use renovated wastewater in such non-human 
contact purposes as cooling tower, makeup, flue scrubbers, irrigation, and fire 
protection. While^treated wastewater can^e reused, s the relative amount that 
is required for these purposes varies with the utility- configurotion and weather 
conditions* In a selective energy system using a non-condensfng turbine, there ^ 
would be no condenser and hence.no cooling tower water makeup requirement 
for power. production . Cooling tower makeup for chilled wpter production varies 
significantly with seasons ps-does irrigation woter requirements. 

a* ^ Cooling To^^er Makeup Va, 

^ CI ^ . . 

Sewage plant effluent has been used bj?^ a fiumber:of plants over the years for coolin 
tower makeup and first-hand experiences are documented in the litl^rature. No 
magical skill is required to' adapt wastewater streams for cooling tov^er makeup. 

. ' . ■ i- 

What Is norma J ly. requ Tried is an in-depth investigarion, and the application of 
good water treatment technology. - 



1 • ). ^ Operationql Characteristics ,: %. 



Corrosion is usually less severe with sewage effluent than with fresh. water. Al- 
though such effluent typically contams high orthophosphate concentrations, its 
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tendency for calcium phosphate scqJing is inhibited by the stabilizing effect of 
organic^material that ts also typicqHy present in high concentrations. So, proper 
control of cycles^of concehtratiOr|/^and pH, along with the addition of deposit con-- 
trol agents, usually permits higher calcium phosphate loadings than may be carried 
> in fresh water ^sterns. • ... 

The nature of sewage effluents presents a severe microbiological fouling problem 
when such water is used as coolir^g tower makeup. This can be controlled, but at ' 
increase^ biocide cost. A combfried program of chlorine and nonoxidizing biocide 
addition is typically used to Ynainhain good control • ^ 

Although there are reports of some very severe, hard--to-c6ntain foaming problems, 
most systems can be controlled with a small amount of antifoam.- \ 

2. ) Treatment and Control ^ - - , 

4--. . . . ■ - ' . . 

A number of insta liaisons now use lime treated and clarified municipal sewage \ 

-^plant effluent for cooling tower makeup and even for boiler feedwater makeup. j 
Early applications of treated sewage^or cooling tower makeup showed that the-, 
problems that appeared could be* minimized by pretreatment with lime. More 
recently, however, specifically developed chemical treatment programs , together 
^ith careful operating control has allowed the successful use of/tregted sewage 

^plant Affluent as cooling tower makeup without lime or oth^ post treotmente. 

3. ) ; Steps to Successful Reuse _ ^ ^ 

The first step in evaluating a waste stream for cooling water makeup is a thorough 
analysis of that stream. "|f the^ stream posses the analysis test, the next step is 
usually a feasibility study that would, via various tests, determine the streams 
potential for corrosion,,;^eneral fouling, scale formntion, biplogicql fouling and- j 
foaming, and what treatment would be needed to control such problems. . 

The next step is to'^ experiment reusing the water in^tj^ie plant cooling tower, starting 
dt a low percentage of the makeup and building toward the final desTrjed percentage 
with constant monitoring of corrosion and -fouling, 

4. ) . Usage ^ ■' " 

Presently the cooling towers provide cooling for the condensing steam turbine 
driven chillers-, ^iven the existing cooling load, approximately 253 billion Btu's 
^are exhausted to the atmosphere per year. Approximately 0®*1 gallon of water is 
evaporated per 1,000 Btu's of cooling tower IookJ. Cooling tower water' makeup 
requirements for evaporation are about 25 million gallons per year. If absorption 
chillers were Installed, the evaporation would be increased by 25 percent. Whilfe 
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a significant quantity of water is consumed by evaporation, the reuse of c*vailable 
sewage plant effluent is less'than 5 percent. J ' - 

b. ' Irrigdtion . 

1. ) Potential Usage ' " 

Current!/ an estimated 37 miMion gallons of treated effluent are used annually for 
irrigation. The potential exists for using ab*out one fourth of the sewage treatment 
facility effluent for irrigation • An aesthetic benefit will be reduction of the un- 
desirable hydrogen sulfide-odors now produced by the use of high sulfur well water 

2. ) Secondpry Watfer Distribution System 



The ability to use renovate^wastewoter^f^ irrigation and other purposes presumes 
that a secondary waiter system is available jor distribution to the points of applica- 
tion. The existing system is ti series of wells and distributibn^networks,. Although 
there are r jumpers' installed between several of these distribution systems, basis^ally 
each system is operated individually. Modifications will be necessary to affect 
increased use of treated wastewater and a hydraulic analysis of the University 
secondary water system is recommended. ^ 

Budgetary estimates of the cost of jnstal ling the necessaiy pumps and piping to 
make additional irrigation possible are placed at $750,000. 

F. THE lUS SITE 



1 . ' Site Location v--^ 

Figure V 11-14 shows a plan view of the recommended site for the (US facility. The 
close 'proximity to the Heating Plant No. 2 and the sewage treatment plant offers 
ease of integration and hence lower associated costs. The site is in the area de- 
signated by the University for general utility expansion programs. 

2. Interfacir>g to the Existing System 

The primary connections fo-^the steam distribution system will be through a connec- 
tion to Heating Plant No. 2. The close proximity to the existing facilities wJll ' 
allow the foint use of common equipment such as cooling towers. Furthermore, 
the drainage canal from the existing sewage pl^nt passes next to the selected site 
which will minimize pumping costs for the reuse 6f cooling tower makeup* 
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3 ^ ' Fuel Delivery and Storage 

A railway presently exists.along Archer Rood and is the logical choice for trans- 
porting coal to the lUS pov/er plant. As shown in Figure VII- 14, a spur will be 
constructed to tlie coal storage site. There is ai6 foot difference in elevation 
between the railroad and. the proD)os.ed storage site.. The spur will be constructed 
'between <3n e5ijsting parking l^t^nd Wilmont Gardens onto cT trestle which passes 
over the proposed coal storage facility. 

\ . ■ k I , 

A berm will be constructed and prope/ly landscaped ohihe exposed sites of the 
storage area to, minimize the dusting (and aesthetic problems of coal storage. . 

Should tbfc railroad not be qvailable or if construction of the proposed spur should 
not be possible, dlternjjge methods of delivery and storage are available,. For 
example, coal could b^delivered by rail, stored at d site on University property 
to the south of the main campus, and then trucked to the power pldnt. 
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VIII. ECONOMIC ANALYSIS \ , 

The obiective of the econ)i>n^ ona lysis section is to provide c quantitative picture 
that shows the dollar savingsJlresulting from on'lUS. As in the previous section on 
Conceptual Designs, the analysis of the I US jO Iter notes is considered 'under the three 
subsystem ^oups: (1) Thermal Electric Generation System, (2) Solid Waste Manage- 
ment, and T3) Water Manageme^^ . 

A. . LIFE CYCLE COST ANALYSIS 

The life cycle cost analysis presented involves a combination of techniques which 
form an economic model for Torig term monetary costs associated with utility systems 
at the University of Flprida. 



1 . Life Cycle Costs 



All sources of cost attributable to the various alternates by-time period are considered 
including initial investment, operation and maintenance J and replacements. The 
effects/pf time are incorporated by including allowance Tor the impact of inflation 
on apm incurred or revenues ge^nerated in future years and allowance for the fact 
thtatdollors spent or received in the future are worth less than' dollars spent or re- 
ceived today because of t>ie interest expense or lost interest income from those dollars 

2.' Incremental Analysis . 

' ■ - »- - 

In analyzing the economic potential of lUS, .the bdiseiine (existing) system is con- 
sidered first. The alternate designs ore examined relative to the baseline. The 
anolysis focuses on the irKir^mental costs, that is, the costs actually generated or 
effected by the alterriotive^ ) 

3- ' Profitability Me^ures 



Profit is an obvious goal of investment in any enterprise. Although in a service in- 
stitution, there are many others? profit is the only one quantifiable- and therefore 
useRil for economise evaluation. Albeit a cost avoidance type investment, the same 
profit motivations 'exjst for evaluating the a'lternates'for supplying utilities. Four" 
measures of profitability are' used to determine the investment value of each of the 
•fUS alternatives considered in this report, present worth, payback time, savings to 
investment .ratio, and interest rate of return. 



Present Worth 



The present worth of an alternate' as evaluated in this report is the present value of ' 
the. cost savings of an alterriate relative to a base case minus- the present value of 



• the net mvestrnent of the alternate over the b«e case. Thi present values are the 
values of all cash flov/s/ dlseourited to the start of operations (1981). As such, the ' 
present worth provrdes. a measure of the overall sayings including aHov^Qnces ft,r - 

- capital and interest that^he University will experience by installing thy alterriative . 

b. Fay back Time ' - 

• Payback time is the time required to get b^ck the original investment and is calcu- 
lated by accumulating, year by year fromlhe beginning of operation, the' net 
savings realized from the investment. The.poyback time.is equal to the number of ' 
years required to reoch that ft me when the tbtal accumulated savings equals the net 
investment. That is, the total Invested cost including interest at 6.5 percent divided ^ 

,^y. the annual savings, both in 1981 constant dollars. The payback time provides a 

measure of the time pej-iod over which the apparent risk'of investment occurs. ^ •/ 

• c.' , 'Sbvings to Investment Rotio \ , ' . 

To show the efficiency of savings produced for each dollar of investment, the savings 
to initial .nvestmenf ratio, has been presented . . As defined in the, present report, the - 

'^^ °^ P^^^^"^ °f °" incremental savings - 

to the-difference m mitial investments associated with that'5avings. " 

d. . Interest Rate of Return 

~\Z '- ~ ~ ■ ' '- 

.. TR^ate of return on investment has been shown usfng the interest rate of return- as^ 
an-Tird.cator. .The interest rate of return (often called the discounted cash flow rate • 
of r^eturn) as calculated inlhis report is the discount rate for which the payback tim^ 
with interest, «s equal'to the assumed operatijig life of 'the pro|ect. . 

Economrc Focfor s : . ' ^ V ^ * 

■ OS'S-:™ ' for..>he b^,s fc^ eval.ai,.9 the economic p.tenHoI of \. 

* * • ■ ' • ". 

a. Energy Pirices • ' ^ . ^ . , • ' • 

l^f ^""^'fy,"^^^^^^^' Pr^^^^i^<^ earlier in this report, the mid-1976 price 

of ftiel and electricity were estimated to be: . pnce 
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Source 

Electricity 

Energy 
Demohd - 



Unit 



kWh 
kW . 



$/Unit 

0.0^19' 
2.09 . 



r. 



$/10^'Btu 
6.42 



Fuel 

Fuel Oil 
Coal 

Notor-ol Gas 



Gallon 

Ton / 
1000 cubic fefet 



0.31 
35; 00 
0.85 



2.09 
1:35 
0:81 



The electrical energy pr.ice is an bverage of those .experienced by the University 
during the first six months of 1976 and incl^jde^ allowances for fuel adjustments. , 
Both the fuel oil and'cJaal prices are bas^d-on lovy sulfur values. The price of fuel 
oil is that given b)t the present supplier-fdt laid^iij fOel . The coal prices was typical 
of th^e offered by brokers and being paid by similar (systems with allowances mode 
for delivery. . * ^ . 

The price of natural gas/is'the average paid by the University during the past year. 
As discussed in Sect/on V, natural gas* is, not ejcpected to be available when the 
proposed lUS becomes operational and fuel oil has been assumed as the primary 
fuel for the existing boilers. The impact of gas being available is tested in the 
Sensitivity Ana lysis •section/ ^ , V 



Time Estimates 



/ 



The operationol'time^period for the proid^ is 25 years. This is consistent wi*h the , 
life expectancy of the^ojor components si>ch- as boilers and turbine generatXJrs*- 
Project construction time is 4 yeurs and 1 ydpr isjjssumed for seeking and recetving 
funding. ' • ■ " 



c. 



Interest Rote 



rowLd 



The interest rate on borrow'ed funds has been assumed to be 6^5 percent. This is 
the interest rate on recently issued bonds by the Stats of Fldridq for University 
construction. The maximum allowable ipterest rate paid by the state on borrowed 
funds. is. 7-5 percent according to state law. Ihe interest rate on capital funds hcK 
been used as the discount rote in the present study. 



d.- 



Inflation 



The general inflation rate has bein assumed to^e 4 perceht per year. 
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e. " Cost fecdiotion • . 

Cost escalaHon is defined as the incire4e in price/cost of a particular resource > 
reiqhve to those of other resources. 

.Federal Energy Administrations projections ^ for energy escalations relative - 
feneral inflation have beep assumed. For ten year? beginning in 1976, price 
esca-^ofions are projected for the Southeastern United States as follows: 

-nergy Form " ^ - . Escalation Rate, Percent 

1 Electricity 2 3 

• Fuel Oil ' . 2 2 - ' 

Coal , _Q*7 , . * 

Natural Gas " 4*p 

. Af^er fen years/ the es^lation rate was;bssumed to be zero. ' ■ ^ 

Equipment and Construrtinn . 

A 1 percent escalation rate on capital installation was assumed. 
■5, Sensitivity Analysis ' ^ p . ' 

Sensitivity analysis provides an indication ot the risks involved by lestin^he econom 
ic impact of varying key assumptions for each alternative. . * ^ 

B. THERMAL/ELECTRIC GENERATION SYSTEM ' 

' ^ ! ^ ' . 

The economic feasibility of the alternative conceptual designs for supplying heating 
cooling, and efectricity to the University of Florida are prese,#ed below. 

1 • Capital Cost Estimates 

a. ^ Initial Investments \ 

■^H T^S'uf tT''°' '"ve^^^'eif of each alternate are given 

m Table Vm-t by equipment category. The items wnQlt^ded in each category are 
given in Table VIII-2. , ^ . / 



r- 



Jhe boiler turbine and generators desFgn ratings for each aktemate were specified 
os^^rven in Table Vlll-3. Alf other equipment was specified relative to these three ' 
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TABU VI II-1 THERMAL/ELECTRIC GENERATION SYSTEM INITAL CAPITAL COSTS ESTIMATE^; 
V' ■ ^' (INSTALLED COSTS, MID - 1976) ' 

' Conventionol Select Enajy Altemotes • 



uipment 




Boilers , 
vPofluHon Control Equipment 
"Foci Handling! and Sforoge 
Turbine Genewtdr . 
Controls and Electrical Equipmenf ^ 
.'Heat B(changei5 . ^ 

^ Pumps . _ 

Piping -Valves and Insulation 
Building , . ^' 
Miscelltmeous Mechawcal/quipment • 

'Distribution Systems 

General Construction 7 , . ' ' 

-Contfoctofs Over^ end Profit @.15%- 
Engineering Fees, Contingencies @ 8% 

'.J ' ■ ■ ■ ' 




^ 

New Coal 
Fired ^ 
Boilers 


5MW 


> 

- 10 MW 


• 12.5 MW 
+ Absorption 

\ 


12.5 MW 

+ Absorption - ^ 

+ LTH W 




I- 

1400 


2800 


3360 


" ^ 
33oU , y . 


82T 


448 


755 


855 


; 855., 


398 


318 


397 


398 


' 398 \] 


0 


1376 


'2892 


3151 


3151 . ' 


209 ' 


' 706 


1227 


1290 


IZtU 


80 


6^ 


• 340 


393 


393 y: 


69 


86" 


172 


206" 


. 206 


193 


407 


814 


' 978 


978 


' 200 


150 


300 


30(J 


300 ■ 


34 


75 


121 


° 123 


123 


■ 78 


' 438 


438. . 


438 


640 ' 


128 . 


164 


' 251 , 


293 


294 


i^' 
747 


845 


1581 


/ 1768 ' 


1798 


_399 


'i451 




_?42 


, J59' 


.6129 ' . 


6931 


12?61 


14496 ^ 


14745 
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TABLE Vlll-2 , CAPIT^ EQUIPMENT CATEGORY DESCRIPTIONS 

SpiLERS ^ \ 

\ Spreader stoker boiler at 850 psig, 900° F inclu^Jing all neo«sbry 

pressure parts/ insulation and casing; F.D. and I.D, fans with motor-arives, con- 
necting flues and ducts,, stoker, soot blowers with piping , valves and fittings; 
combustign and feedwater controls, economizer; support steeI,^platforjnstind 
ladders, 'dust collector. . . ^ 

^foLLUTION CONTRPL EQUIPMENT 

Baghouse filters and induction fans. Ash handling equiprT^nt,^ash silo and • ' ■ 
breeching stack . 

; FUEL HANDUNG AND STORAGE**^ 

Coal conveyors, storage site preparations, railroad spur ai^d trestle. - 

TURBINE GENERATOR ' ' * * • ' 

Automatic variable'extroction steam turbines with S-pfTase generator. 

CONTROLS AND ELECTRICAL EQUIPMErsIT " V 

, Controls and instrumentation including cpntrol panels, boiler controls, data 
hogging, pressure gauges, transducers, and fheimoraeters . Switchgear, transfonners/ 
and general electric items. ^ -^\^ 

HEAT EXCHANGERS , . 

Feedy/ater heaters, dea<?tator and storage tanks. Condensers, tubes, and cooling 
towers. - ' 

. PUMPS 

Boiler feed, condensate return, circulotion and auxiliary pumps. 

PIPING /■ .:■ \' ■ ; _ ^ ' . 

, - ^eavywall piping ,;general pipipg and circulatbn ■ 
high temperature valves, control valves, d'nd specialties jns'u lotion 1 ' ■ - ' 

- BUJLDING ' ' 

Including foundations, electrical work and paint. " 

MISCELLANEOUS MECHANICAL.EQUIPMENT 
N Water treatment, turbine r^m crane. 

. DISTRIBUTION SYSTEMS ^ ' o 

^ Piping, insulation, ^expansion joints, valves, and cofinections for hot water and 
' steam disfributiort. : 

. GENERAL CONSTRUCTION - ' ^ \ 

^P^^-^e prejxrrotiorv landscape, roadways and survey. . 
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TABLE VHI-3* BOILER., TURBINE, Gf NERATOR DESIGN RATINCjS 
" AUTOMATIC VARIABLE EXTRACTION TURBINE 

TYPE 



-••STEAM 
•RATING! 
lOOQMr- 



• . * . 



CONVENTIONAL ALTERNATE 

■ ■ ■ . • * 

. New Coaf Boilers 



0 . 



THROTTLE CONDITION RATING 
Pressure • .'Temperature lOOOkW 
psia ; 



265 



500 



GENERATOR 

RATING 
lOOOkVA 



SELECT energy; 














Al TCDMAtl\/CC 












5MW 


100 . . 


850 


9.00' ; 




Non-Condensing 


6.25 


(10 MW . 


300 I 


. 850 


■I ■ 
9do 


•5 


Non-Condensing 


6.25 


100 • . 


: • 850 


',900 


5 


. Condensing 


6.25 


12.5 MW 


120 


'850. ■ 


900 


^ 6.25 


.Non^Condensing 
Condensing ' , 


9,375 


+ Absorption 

mm 


120 


850 


900 * 


6.25 


9.375 


120 


850 - 


900 


: 6.25 


: f , ■ ; ■ 

' Non-Condensing 


9.375 


+ Absorption + LT^ 


120 


850 


900 


. ^6.25, 


Condensing 


9.375 


6.25 MW . 












9.375 


.+./Cbso.rpHpn.UTH^^^ 


.; 120 , 


'850 


900* . 


.6.25 

■ .1 -.z 


.Non-Condensing . 



b« Rfeplacemenr^ * 

To mamtain the existing steam genepotion capability", there will be replacements • 
of 240^000 Ib/hr steaming capacity during the 25-year economic evaluation of the 
. prdject, as shown in Table VIII-4. All boiler replacements ore assumed to be 
- packaged oil fired units as per the existing facilities. There will be no replace- 
ments required for major equipment installed for each of the alternatives. 

c*. Basis for Capital Cost Estimotes 

The estimated capital cost for each Alternate is based on 1^76, equipment, material 
.^dndlobor prices. Equipment costs for major items have been obtained from manu- 
facturers of equipment with a proven record of reliability, jnstalltition cost esti- * 
* mates were either ^furnished by the vendors or were established from prior experience 
with„ comparable projects! . » 

,1 . Annual Operation and Maintenance Costs <? 

The operation and maintenance; charges for the first year of .operations (1981) are 
given in^ Table VllI-5. The basis for these projected costs are as follows. 

b. Fuel Charges 

Fuel costs are the product of the evaluated requirements and the projected delivered 
fuel prices. As the amount of electrical power generation is increased, there is 
' also an increase in the fuel costs, but this is more than balanced by the reduced 
electrical costs. , • 

b. Electrical Charges 

■ ■ • • ■■ « .■ • < ' ■ . ; ■ 

Tlje electrJcjal charges have been separated into energy charges and demand charges. 
T^e energy charges are the productvof the evabafed-fuel requirements and projected 
electrical energy "prices including fuel adjustments. 

The demand <?harges are based on the difference of projected electrical demands 
of the University and the power genera tio^i rates of the various alternatives. Com- 
pensation for «dc^onal demand charges from system failures have been included 
with the addition^ operation and maintenance charges. 

1. ■,■»..'' ... • 

,c . . Addj^Iofial Operation and Mointenance Charges ^ 

/- . ...... •'■ • ■ ^ .. ' . ' ■ ■ 

The additiongrt operation arid maintenance costs arising from the operation of' th J? 

gl^^Dsed alternatives' include adjustments fbr Iqboci/mairiteriqn'ce, purchased uffli-% 

"W^jnd chemicals, ash disposal, personnel upgrading, fuel handling, and potential 



TABLE VIir-4 - ESTIMATED REPLACEMENT. COSTS 

'(Instalied Costs, Mid - 1976) 



Alternative 



Year 



Existing 

5 MW Select Energy 
10 M\AA Select Energy 



1986 
1991 
1996 
1996 



Boiler 
Capacity 



120 
120 
140 
40 



Cost 
$(000j 



729 
729 
850 
243 



/ 
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Expense 


Existing 
System 


■ New Coal 5 MW JO MW 
Fired Boilers 


12.5MW^ 12.5MW 6.25 MW 
+Absorpi-jon + Absorption + A bsorpJ 
+ LTHW + 1 TH W 


Electricity 
Energy • 
Dismand 


0.87 


4.90 
0.87 


•3.74 1.87 
0.75 .51 


0.98 
0.43 


0.61 
- 0.'38 


3.55 
0.67 


Fuel 
Oil 
Coal 


3.45 
0 


0. 

1,83 . 


0.69 - 0 . 
T.79 3.50 


0 
3.^96 


0 

3.95 


0 

2.25 


Additional 
Operations & 
Maintenance 


0 

■ -..^'-^ 


0.19 


0.15 .20 


.21 


0.24 


0.17 


Total Annual 
Costs -1981 


V.22 


7.79 


7.12 6.08 


5.38 


5.18 


6.64 


Percent 
Savings . ^ 


• 




■t ■ 

22.8 34 


w. 

41.6 • 


43-.a. 


27.9 


Capita^ V 
J%estrnent 

r 


• V V 6,129 4» 


6,931 ;*12,961 


14,491 


14,745 ' 

<■ 


r. ' ■■ 

8,640 


* 

\ 


•r 




■ - t 












■ ■ ^ 
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charges such as increased charges from system failures • 

The charges are rhose over and^cbove those experienced by the existing system. To 
provide d frame of reference, the magnitude of the 1976/77 budget for operation 
of the existing heating plant is noted. 

^ ' - ' 

• 'labor ^ $250,000 :^ 

Electricity 240,000 
Operating Expenses 80^000 

• . . $570,000 - V 

0 

The labor charges include wages for 16 operators and 8 mechanics^ The electrical 
charges are for electricity purchased over and above that produced by the existing 
1000 IcW noncondensing turbine. The operating expenses include $8^000 for, make- 
up water and a like amount for chemicals. ^ 

2. Results of Life ^ycle Cost 

On the basis of balancing thermal to electric loads, energy charges and demand 
charges, and fuel alternatives six energy subsystems were developed and evaluated. 
They are: 

1. ' New boilers, coal fired, no pdwer generation - ^ ■ 

2. 5 AAW select energy plant / . *^ - 

3. 10 MW select energy plani* ^^^^^^ 

" 4. 12.5 I^W sekct energy and<gbsoq:^ , ^ 

5. 12.5 MW select energy plant, absorption chillers,^ ^ . 
' temperature hot water distribution system * , / _ 

6. ' 6,25AAW S.Ev plqht^ absorption chillers and low temperature hot water dist. 
The capital investment for each of these is presented in Table VIII-l and Tables 

VI 1 1 --2 through YIH-S present additionol informatiori on the equFpment description 
and provide operating ani^maintenance and other cost data used in evaluating the 
systems. ' " ^ * 

Table Vlllr6 is a presentation of the profitability^dic^ for the six «?5ase5. They 
are all compared agdinst the baseline; the ekistin^^tiiity system. AH show inter 
rate of return in excess of 20 percent which is very good for a minimum rfsk project. 
The savings to investment ratio (SIR) for each is above 3 which is ver/good. The 
^payback pcri^./another important index, is approximately four years for each. A 
short payijolSlc^ert^ a high confidence level iri the economic success of the 

project becauseflu«^important variables as fuel cost can be projected much more 
accurately for g<4-yeaf project than for a project having a 10-year or more payback 
In summary, all of the projects look attractive when compared to the University's ^ 

' : VIII-11 * . 




TABl,E VIII-6 - 



INCREMENTAL PROFITABILITY ANALYSIS OP THERMAL ELEC- 
TRIC GENERATION ALTERNATES RELATIVE TO THE EXISTING 
SYSTEM, ♦ ' 



Convenfional 
Alternate 



Select Energy Alternates 



t Profitability 
Indicators 



New Coal 5 MW 
Fired Boilers 



Present Wprthr 26 
$ (000,000) 

Payback Period/ 4.2 
Years 

Savings to Inveshtient 3 . 3 
Rotio * 



Int-eresf Rate of Return , 2; 
Percent 




38 



3.4 



4.2 



26.0 



lOMW 12.5MW 12.5MW ' 6.25 MW 

+ Absorp- + Absorption + Absorption 

+ LTHW 



55 



4.1 



3.2 



22.4 



tion 
64 



4.0 



3.5 



23.2 



+ LTHW 
71 

4.7 

3.9 

23.3 



35 



5.0 



3.4 



22.0. * 



A 
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existing energy system. 

The capital cost for the six alternatives varies from approximately $6 million to 
$15 million. Therefore, the return on the incremental investment was investigated. 
Tjble VI II-7 shows the retu^ri on the incremental investment when considering 
successively higher investment levels.. Although the investment for two 120,000 
IbAr. coal fired boilers to replace the existing boilers Jooks good, the incremental 
return to go the next level^f investment looks even better. The payback period is 
only 1.1 years for an additional $800,000 to obtain 5 MW of power generation 
capability^. The other profitobHity indices are equally attractive. Thus, whfen^om- 
poned to the option of a coal fired replacement boiler with no power generation ad- 
dition, a 5 MW select energy plant is the best investment. 

Upon exarnination of the 10 MW select energy-option, a similar pattern"^ emerges . 
The investment in a 10 MW relative to a 5 MW is marginally attractive while re- . 
quiring a capital expenditure of an additional $6 m.illion. However, for an addi- 
tional $1 .5 million to go to the next higher increment, the profitability indices 
improve dramatically, resulting iri an Incremental interest rate of return of over 
30 percent and a payback of less than thre.e years. ^ 

■ ' "* ■ ' ' ■ . ' * " 

To this point, there are tw/> attractive options^, a 5 M|j| select energy plant and 
a 12.5 MW sjelect energy plant with absorption Qlr conditioning, booking at * ^ 
Table VMI-6, except for present worth the profitabi lity indices for the 5 MW 
select energy system are better than the MW system. However, the question 

that should be addressed is whe-th^r or n^t thV^i^itional investment for the added 
copabllity Is.attractive when compared to other Investment opportunities, in 
general, the profitability indices as reflecfed in theJast column of ToK^e VII 1-7 
are good, and thIs|bdditIonal increment is recommernded. - * 

* . ■• • ■ ^ ^ . * 

In either cose consideration should be given to converting the existing steam 
distribution system to low temperature hot water (LTHW). The next to last column ' " 
in Table Vlll-7shows that a $250,000 investment for >he conversion will pay back 
"in less than a year, and yielding over a 30 percent interetjt rate of return. A similar pay- i . 
back and "return can be expected for LT HW on the 5 MW^case. 

If funding Is not avalloble for the total investmen^t, it Is possible to achieve the 
recommended system In Increments. Foi^^xample, tjrke first increment could be 
5 MW select energy option evaluated in Table VIII-7; The total 12.5 MW^Ith 
absorption chillers could be installed when funds become avdilobie. The principle ... 
loss would bethe loss In effective revenue that would\have be4n generated by the 

iiiiji I ^ ii iiTrT^ii liiiiiiiiliil Installation is pursued. It may be dfesjrable to consider. 

two 6.25 MW 5team turbines as Indicoted in Table Vlfl-S as opposed to o 5 MW and 
o 7.5 MW. ' : 
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TABLE VIII-7 - INCREMENTAL PROFITABILITY ANALYSIS OFSUCGESSIVE 
. _ ' fNCREMENTS / « 

ConV. 5 MW/ lOMW/ 12.5MW/SE 12.5 MW/SE 12.5 mW/S;E 

5^ SE •+ Absorption + AbsorpHcyi + AbsorpHon" 

• . vi- , vs. -V v$, > +LTHVyvs. . vs. 

ExisHng' Coriv. 5 MW/ 10 MW/ 12.5 MW/SE 5 MW/ 

System .Cool SE S E + Absorption ^ SE 

, -«'-.* • . = f " ' 

Present Worth . 

$ (000000) 26 "'^ 11 -8 * 10 

Payback Period, - , - 

YeoR / 4.2 1.1 5.4 • 2.6 0.9 .* , ' 4.6 

. . ■ • • * 

Savings To In- * - . ' 

vestment Ratio 3.3 10.1 2.1" 6.1 18.5 2.8 

Interest Rate , , . " . 

of Return, ' - 

Percent '1 24.4"^ 29.5 17.8 31.2 59.4 20.4 



16.5, 



Incremental • ■ ' ,' ' » 

Investment^ . - . - . ' , * ' \- 

$(000000) 6.2 0.8 6.0 ' T.5 0^25 7.5 



Tables Vlll-^ and V\ih-9 show the effe^ct on two of the^ key profirobilif/ inclices 
to changes tit system input data. T^e input dara examtned were copitoJ cost, dis- 
counfcj-ate, operation and maintenance cost (O^M)/ economic life, general in- 
flation, coal price/ oil price, energy escqldtion above inflation, and natural gas 
price. The following is a discussion of th^ five profitability indices and their >en- ' 
sitivity to changes in these values. 

> 

- 4 * ' -. ^ I 

Q. • - Capital Cost . ^ . * 

■ * . • 

The result^ are relatively insensitive to errors'in the capital cost estimqtes. The 
reason is that, the project does hot provide uniform annual savings."^ Tills is due 
to the escalation rates of certain porameters being significantly highV^tbdn the 
general inflation rate. 

b. Discount Rate ^' \J ^ 

There wa?v no discemdble effect in changing the discount rate plus or miniis one 
percent from the 6.5 percent value used in the study. This is due to the low value 
of the discount rate arid the rapid payout time. ^ 

c. O&M Cost ' • - : 

■ ■ ■ * 

The O&M cost refer to those costs pver and above both fuel costs and the cost re- 
quired to operate the existing system. Since the additional O&M costs, shown in 
Figure VIII-5, represent only a^small fraction of the' total annual cAsts-; relatively 
large errors rn O&M costs result in small errors in the economic benefits. 

d. ' . Economic Life ^ ^ » ' ' 

Variatioris in the actual economic Mfe plus or minus five years from the 25-*year ' ^ 
estimate have no effect on paybock since the payback time is shorter than any of 
these economic anajysis periods. There is on approximately 2 percent effect on interesf 
rate of return which is considered negligible. ' 

e. Inflation- 

A plus or minus 2 percent variation in the-generql infldHon rate has an approximate " 
10 percent effipct on the profitabilit/ indices. Although this is not negligible, the 
profitability indi es ore 50 attractive-that fhe overall attractiveness of the project ' . 
is not affected, , 
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TABl^^|j-8- INTEREST 

" * • ' 

^4^on vent lona I . 

■i Alternate 



RATE OF RETURM SENSITIVITY ANALYSIS 
- (PERCENT) -v: f:! 



Seletst Energy Alternates 



r 



ERIC: 



Original 
Values 

Copltal 
+ 20 percenf 

* - 20 pe^rcent 

• ' ' .. r 

Discount Rate • 
5.5 percent 
7.5 percent 

>Maint. & Labor 
+ 20 -'percent 
^ - 20 percent 

* Economic Life , 

25 years 

* 35 years 

Inflation 

@ 2 percent 

@ 6 percent 

i Coal' Price 

percent 

- 20 percent 

■^Ol I Price 
+ 20 percent 

- 20 percent 



Coq I Boilers 
Only 



24.4 



21 .5 
28.4 



.24.4 

24.4> 



4 



20.7 
27.9 



31.3 
16.'5 



Energy Escalation 

0 percent 17.9 

2 percent 20.5 

4 percent 23;.2 

Natural Gas 

33 petcent avail. 18. 
'67 percent avaji^^. 9.9 

., / . ' ■<: 



5hm ' lOMW 
2^0 22.4 



23w2 29.8 
29.9 25.9 



26.0 22.4 
26.0 22.4 



23.4 
28.3 



29.8 

jr.6 



19.9 
22.3 
24.7 



19.5 
25.0 



25.2 
J9.2 



16 J 
18.1 
20.1 



24.4 20.1 
J9.7 17.4 
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12.5 MW + 
12.5MW + - Absorption ; 
Absorption o LTHW 



23.2 



20.6 
26.8 



23.2 
23.2 




20.3 
26.0 



25.8 
20.4 



16. 

18.9 

20.9 



21.2 
19.0 



23,3 



24.4 
26.8 



23.3 
23.3 



23. 1 
23.4 



22.9 
23.4 



.21.0 
25.4 



,20.6 
25.8 



25.6 
20.7 



17.4 
19.4 
21.4 



^1.5 
19.5 



TABLE VIII-9^PAYBACK TIME SENSITIVITY ANALYSIS * 

"Select Energy Alternates 



Conventional 
Alternate 



Seitsitivity 
Test 

Originat 
Valuesf- 



-^20 percent 

Discount Rate 
5.5 percent 
7.5 percent 



Coal Boilers 
4.2 / 



4.6 
3.6 

4.2 

4.2- 



Additional O&M 
+ 20 percent . 4.3 

- 20 percent . v 4.2 

Economic Ltfe 
25 years 4,2 
" 35 years ' 4.2 

Inflation 

@ 2 percent 4,4 
@ 6 percenf' 4.1 

Coal Pri ce ^ ' 

+ 20. percent 4^8 

- 20 percent 3i6 

jOii Price 
' + 20 percent 
20 percent 

Energy &cajatibn 
0 percent J 
2 percent — ^ ' 
4 percent 

Natural Gas • i 
33 percent ovaiL .5.4 
67 percent avqil. 9.4 




1 



5 MN 



3.4 . 



4.0 
2.8 



3.4 
3.4 



3.5 
3.4 



3.4 
3.4 



3.7 
3,3 



4.0 ' 
3.0 



2.8 
4.3 



4.4 
4.1 
^3.7 



3*7 
4.6 



; 12.5 MW 

10_MW + Absorption 



4.1 4.0 

'P. 




4.2 
4.1 



4.1 
4,1 



4,3 
3,9 



4,8 
-3,5 



3,5 
4,8 



5,6 
4,9 
4,5 



4,5 
"5.2 
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4,0 
3.9 



4.0 
4,0 



4.2 
3,7 



4/6 



3,4 
4,5 



5,3 
4,8 
4.4 



4,3 
4.8 



12,5 MW 

• . - 

+ Absorption 
•FLTtiW. , 

4,7 • 



5.4 
3,9 



4.7 
4,7 



4,7 
4,7 



4.7 
4.7 



4.5 
4.4 



:5;4 

4.0 



4.0 
-5.3 



6.2 
5.6 
5.2 




.1 



' ■ ' . I ■ ■ ■ ■ ' : 

CdoJ Price ' ^ ^ 

■ • . ■ . " ■ ... ■ ' • ' - ^ . ■ ' : 

yariatwn irr the price of fuel has a significant,effect on the I US profitability ' 
' '"P.'^'^^-; ""^'^ ^ to th6 mofor effect of fuel price on the 'lUS annual .operating ^ 
^ costs. As stated before, because of the overall economic attractiveness of'tbe 
proiect, wrthin the ronge of cool prices fluctuations expected, the project still 
represents an excellent investment. 

. -, . - ■ . . . 

g. Oil Price > - • ■ . - • -V- 

• V — ; . [ •■■ ■ 

0,l pnces effect a coal burning JUS because lUS profitfibilTty is measured agarnst 
an oil ^06 baseline system. Thus, as oil prices go up, the coal fire'd jUS looks 
more offracfive. The mafor effect of oil price variation was in the evaluation of . 
a conventional coal fired fhermdl energy plant. , - ' 

h*. " Fuel and Electricity Escalation \ t ' 

■ ^ ' . ' ' . ■ ■ ;^ J - • • ' ' - ' - . ' ■ ■ ■ ' . 

VTmaj^or ei^tion of all energy ^>rices would have only a minor effect on an lUS 
. for the University oF Florida. The effect that is noted is due to the increase in 
coal prices being projected to be less than the increase in fuel oil prices in the > 
southeast. However,' even« if the escalation rates increase above norma! inflation, 
within the ronge Investigated, the project remains very qttracttve.^^ A 

•■■iV^'- Nqturdi Cjgs ' ■ / ^' - / ]■ [■ 'V ^ ■' ■ ■ ^ ' -■ '■•'^'.■■] ' 

The ovallabilitx of.rtatural gqs has a surprisingly small/effect orr the prdfitabilit^ 
.nd.cesjpr the select energy aU ' The highly effioient dr^-site generation 

of elecfric power Kos d major terhperih^ effect on what would otherwise ^ave'been ' 
a sign.f.cant adverse effect. Exomi^iation of the first column in fables'VIII-S and 
yifi-9 reflects the effect on natural gas competing with coal .in conventional steam . " 
generation for thermal loads. As would be expfected, this effect can be significant 
if naturd I gas continues to be available. f 

In summary, although the various sensitivity parameters investigated had, in some 
cases, a significant effect on the relative profitability values, the absolute values 
are so attractive that the conclusions and recommendations are not affected. 

4* . Conclusi.onso hd Recommendations ~ , 

^ ' . 

A multitude of electric power generotion-sizes were considered In optimizing the ' ' 
ovgralUsysteni. Although a recommendation -is mode on \he calculated valoes'of 
profitobilily indices, it is recognized that there may be other constraints that^may 
exist <^ beVmposed as the project proceeds through the funding process.' For 
example, it is recognized that there is a limit on' fhe availability of funds, and 
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• ••• ^ ^ ■■■ ^ : : . • ^ V - ■ ■• |. ; 

that this project will be competing with other projects for the funds available 1 
Furthermore, some of these competing projects will be associated with t^he mission^ 
objectives of the University 'and will not have a measure of;,p^o3Fitqbility associated 
with them. ♦ ^ r 

To provide some flexibility to the. University in selecting options which^are withinv' 
their budget, two basic options fo^'achieving advantages of lUS are discussed UJ^ * 
some detail.' For both the profitability indices are very attractive, Howevej-, JLthe 
capital cost requirements vary over q range of $8 million to $15 million. For this 
reason, the return on the incremental investmjent in going from one leveKof cap^ital 
investraent'to the next has been Investigated, * 

The recommended system is the 12^5 MW Select Energy systemt.f^corpQrafing absorpr 
tion air cpnditioningqnd a low temperature hot water thermal distribution system. 
This syst/m has qj^71 million present worth in 1981 doUars, a 23.3 percent^ interest 
rate of return and is projected to pay for itself in 4.7 years* The cqpitat rnv^r 
ment is rather large. iSl4 .75 mi llTon in 1976 d ollars- ' 



Sjipuid it not be. possible to budget the 12.5 MW system immediately, the system 
can be incremented and instal led jn two phases* : A 6 . 25 MW ndn--c5ondensIng typ- 
bine would be^ the firsts of 44le^fw sized ury^ to go onr^ine. The first in-- 

crement has q.$34.8 million present worth in 1981 dollars,, o 22: jj^rcent interest 
rate of return q^ d capital cost of. $8v6 million in 1976 dollars^ rPaybiack wr^ 
in 5 years 5 .the disadvantage of YncrementatLon over ^e recorfimended system 
*^wouJd Ije ;lc«t sc^^ings cluring the Interim peri0d. .Conversion of the ^team distribu-^ 
tion system. t^ f9^ tem^^ature hpt water dnd the addition of absorption chljlers * 
would procede OS; funds allow. * / ^ . 

' ' ' ' ' ■ ■ ■ ■ . . ... . ■ . , ^ -'.r 

C.r SOUD WASTE MA^gjEMENT : : - 

Incineration with heat recovery of the solid waste generated by the University of 
Florida and the community wets examined. The recovered energy would be used to 
supplement the fuel requirements of the boilers. 

The system capital cost^re given in Table VIII-10 for systems incinerating only the 
University solid wasfe/and a system sized to burn both the. University's ahd the com- 
munity wastes. Operating and maintenance.expenses and credits are shown in Table 
VII H I . Based on these cost's the economic benefits were calculated on an incre- 
mental basis using theWesent landfill as the. basis for the profitabhiity onalysis. Tlie 
results of the incrementoK^rof itabillty analysis are presertted in Table Yni-12. 

As shown in this table, the advantages of solid waste incineration with heat recovery 
are significant- The interest rate of retprn di" investment, ranges from ,18 to 20 per- 
cent depending on the size of the system^ The paybadk period Is relatively insen- 
sitive.to syistem size with less than a half year between the highest ond lowest..- In 



TABtE Vn W'd - SOLID WASTE MANAGEMENT SYSTEM - CAPITAL COST 
. ESTIMATES $(000) - (Installed Costs, Mid - r976) 



Jncmerators . 
Ram Loaders 
:H«at Recovery Units 
Cleanout Tools 
Front end loader 
Buijding, Fence & Utilities 
Contractors Overhead & Profit 



Estimated Life> University Waste University 
Years ; 25 T/D & Community 

Waste 

, ' 75 T/D 



15 
15 
15 

5 
25 



205 
29 
119 
» 2 
6 

.120 
72 



61d 
88 

.357 
2 
]2 

300 

206 



. ' @ 15% 
Engineering Fees> Contingencies 

. @8% 



38 



591 



110 



1 ,691 
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TABLE Vm-U bPERATION CREDIT AND COS^S FOR SOLID WASTe' 
. : ^ • HEAT RECOVERY ALTERNATIVES (1.98.1) ($1000) 



Credits and Expenses 



University 



University 
Plus 
■ Community, 



Credits • \^ 

,^eat Recovery 
(AdHiHonal Elecirjcal Generation) 



Reduced Dump Fees 



f 



Reduced Road Haulrhg 
Dump Fees Charged City 



1 75" 



"27^ 
16 



V325 
24 
U 
44 



Expenses 

Labor • ' 

Auxiliary Fuel 
: Utilities 

Supplies 

Maintenance 



15 
4 
8 
4 
4 



27 

14 
IT 

la- 

12 



Net Annyat Credits - 198li 



183 



Assumes solid waste displacing more expensive fuel oil . 



333 
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TABLE VIII-12 INCREMENTAL PROFITABILITY AN ALYSiS OF 
„ r SOLID WASTE HEAT RECOVERY ALTERNATIVE 



Profitabilify 
:. Indicators 



'. University 
Heat Recovery 

■- 'VS., - 

Londfiil 



University Plus 
Community ' 
Heat Recovery 

vs.,-- ... 
, Landfill 



University Plus 
, Community 
. Heat Recovery 
. -vs. ■ 
University Heat Recovery | 



Present Worth> 
${000^,000) (1981) 



Payback Period/ 
Years 



1.3 



5.2 



\ 



3.3 



5.5 



2.0 



C 



5.6 



Savings to Investment 

Ratio ' \ - 1.7 



interest Rate of Return, 
Percent 20>0 



7 



.96 



18.8 
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• anij^ casc/^ the pc^back ?s within. 6 years. 
1 . ^Conclusidns anc^. Recommendations 



. IncorpVation of solid wosteWanagement through mcfnerai-ion with heat recovery 
appearsVyite feasible and should be given serious consideration as an addition to 
Alterncdfes B> C ond D. . 

• '• * ' ■ • ' ■ • , * . ' /' ^ ■ ■ • ' ■ 

p. . ECONOMIC BENEFITS OF COMBINING CONVENT IONAL V 
PROGRAMS WITH AN lUS \ ' ~ .' • • 

The design andinstaJlaf ion of a Total/Select Energy system as envisioned in the : 
present study cqn require 5 years. The short term conserv«ition project can be 
implemented and ^ften paid back within the installation period of a Totdl/Select 
system. The opporent investment risk Is thus reduced by cooplina short term bene- 
fits with the long term benefits of an IUS.> > . 

^ Generally there are several options possible in a retrofit program which can pro- 
<i^ide similar conservation and economic advantages. While the immediate benefits 
may be equdi, the long term benefits, when coupled with an lUS, can be distinctly 
different. • ' 

. ' . . . ■ \ ■ ■ ■■ 

With coordmated planning of the short term investments of utility usage, long term 
'investments qf an lUS can reduce the energy Yequired to generate utility ser/ices. 
The conservation and economic benefits of the overall^ system are compounded. For 
example, if conservational measures reduce the utility requirements to 70 percent 
of th^ original load and the energy requirements to produce a unit of utility service 
istteduced to 80 percent, the overall energy requirements will be 56 percent of the- 
original system, . ■ 



IX . ENVIRONA^ENTAL AND INSTITUTIONAL FACTORS 



; As shown in the preyious sect the implementation of the integrated utility 
system <Mnceptcanyoffer' technical and economic. ad vantages to the University of 
Flc^'do. Environmental and institutional factors which can impact the successf^ 
application of theylUS at the University of Florida are considered in the present 

^.section. ^ ' I \. .■ ■ ~ . 

A. V environmentaLVactors\ ' 

The purpose of/thiis section is to point out those areas of environmental. impact 
which are peailiar or important to the I US, rather than be a compleie environmen- 
tal imjxrct statement. The permits required for construction of the proposed lUS 
are discussed^ in the Regulatory Agencies and Permit Applications Section. 

" • ■■ . / ■ • • « 

1.- Eriergy ConservotTon 

' . . .T" ~ ' ■ . ■ ■ ■ / ■ ■ ' 

Energy Savings 

* . • ■ ; 

■•"- ■■/ ■ - / . ■ ■ 

' ' . ■ • / . • • ' 6. ■ •- 

The energy savings affoYded by an lUS are in several fonms. Overall energy savings 
including fuel and^rchased electricity is 316, billion Btu per year for Alternate D. 
The ener^ savings relative to that portion of the existing system whlfh <he lUS is 
replacing is 23 percent fbr select energy Alternate A. ^ 

Reduced Oil (Consumption^ - ^ 

"H{e codi burning boilers to be implemented as a part of the lUS will displace the 
burning of 8 million gallons of oil per year for select energy i^ernates C and 
D. a reduction of up to 3 million galJons of oil per yedr by the comroerciol power 
supply ocojrs due to the reduced electrical power purchases. " 

Energy Recovery, from Sol i<j Waste 

• ^ . . , ■ - "■ . * 

Heat recovery from incineration of.the University solid waste wilkbe equivalent to 
4 percent of the present Universily heating 'requirements. Heat recovery from the 
•incineration of the Qty of Gainesville solid waste would be equivalent to 6 percent 
of the present University heating requirement. 

■ , " * 

2. . Emissions 



The requirements for environmental standards published by the EPA and state agen- 
cies define minimum levels of air and water quality which regulatory agencies 
judge necessary to protect the public health. The standards contaiin" emission" limits 
arid regulations which fn turn determine the limits of equipment performance allowed. 



,a. ReducedNrhermal Pollution 

.•; , \ ■■ ■: ■ 

■ - ■ • ■ \- . - • ^ ■ 

Sinde the efficiency of an iUS is gained-by utilizjng exhaust hecif normally expelled 
to the atmosphere/ the reductions in thermal pollution are proportional to the- 
savings In energy.^ . ' . ^- ' 

b. J^educed Air Emissions ^ , 

Particulate and sulfur emissions are determined by regulations and operations. 
Given the same equipment performance the reduction in a+mospheric pollution"^ 
: will be proportional to the energy savings* ^ - '^'^'^^ 

.m. Boilers 

.The pollutants of primary concern from fossil-fuel power plants ore sulfure dioxide, • , 
nitrogen oxidesV particulates and hydrocarbons. The coal fired IUS pfant at the 
University of Florida wiH generate these sekct energy pollutants. With approxi- 
mately 50,000 tons of coal burned 30,000,000 kWh pf electricity generated 
annuqiiy in the IUS plant, estimated atmospheric emissions for such an operation 
are given in Table lX-1. The emissions are* based on collection efficiencies of 
99.5 percent for baghouse filters on coal fired boiJers. 
■ . ■ ■ ' - ' - " - • . ■ * ■ ' 

For the purpose of comparison, emissions from heating plant No. 2 and a conven- " 
^ tional power plant are presented in Table IX-2. Estimated emissions for nearest 
Florida Power Corporation genferattng- station (Crystal River), have been used. . 
The Crystal River Plant is presently oil fired but has been directed to convert to 
coql firing. And, the emissions calculated for the equivalent power production 
at the .Crystal River Plant in Table IX-2 are for a cool fired plant. Comparison 
between the two tables shows that an IUS plant will substantiolly lower the total 
emissions of particulates, SO2, and oxides of nitrogen. Hyd ro carbon arta nd carbQiT_ 
monoxide emissions will increase by factors of three and four respectively. How- 
ever, applicable state and federol emission equivalents will be met by the IUS 
power plants. ■ 

Incinerators 



. -■■::\ ■ ■ ■■ ■ ■ . . . 

The^niAersity of Florida wilKncinerate 7,000 tons of solid waste annually with a 
potential of increasing the tonnage from community sources. The emissions 
generated from solid waste incinerators are shown in Table IX-1., All applicable 
•Federal, State ond local emission standards can be met by the recommended 
incinerators; ' 
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Table IX-1 • EsHfliated Atmospheric Emissions 
V For An I US At The ■ 

" • ' - Univeislty of Florida 





Boiler 


Emissions ' 


.lncineratQr(^) 


Total 


. Category 


TRY 


Lb/AAMBto 

* 


TPY 


Lb /MM &tu 


JPY - 


Particolat«\ . 


16.8(a) 


0.02 


0 3 


0.01 


17.1 




740 - 


0.99 


9il ' 


0.19 


749.1 


NO^ 


471 


.0.60 


11,0 . 


0,23 


482 




• 63 

f . ~ ■ . ' 


0.08 


• 36.5 


0.77 


99.5 




31 
S. 


0.O4 


ii.b 


0.23 


42 


Aldehydes 


0.02 








- X1.2 - 



(b) Controlled etnissioas with 99.5% baghouse filters bq^ed on spreader sfoker 

emissions N^ffliout fl/ ash reirivection. ^ 
(b) Emissions'^ based on multiple chamber indastrial/commerciai incinerator standards, 



Tab I e I X -*2 . & ti mat ed\Atmosp he ri c . Em iss i ons 
For Conventional S^vstem At The 
University of riorida 



Catejgory 


Heating 

TRY . 


Plant Emissions 
Lb/MMBto 


Crystal River Emissions 
TPY . Lb/MM Btu .y. 


Total 




- - ^ * 

Particulates 


10.5 


0.02^ 


'58.9 - 


0-1 o(a) 


69.4 




SO2 


9.4' 


0.001 


3,630 


6.17(a) 


3,630 




NOx 


135 


0.-23 


.1,408- 


2.39 


1,543 




CO 


9.9 


0.02 


25.6 


0.04 


35.5 




He 


1.8 


' 0.003 


7.7 


0.01 ' 


9.5 





Aldehydes — - - 

(a) Based on State of Florida Emission Regulations , 
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3. Wol-er Managemient * . ^ ' A 

■ a» Kedu ced Wasfe Water D ischarge ^ . ^ 

EPA standards are directed towards plant effluent, without regard for the final - 
disposal point, whereas in state regulations, the effluent quality that is required ^ 
depends on the existing/and ^desired, quali ty of the water body used for final dis- 
posal. Both the current EPA regulations of 90 percent pollutant removal before 
discharge and the state watfer quqiity requirements for Lake Alice are met. 
Reduction in sewage plant discharges wilf be proportional tQ the increase in 
treated waste water *or irrigqtiprv and process purposes. ' \ ' 

■ ' , ■ " ' . . ■ - ' " 

b. . Water Conse r vation ' ' , ' \ 

... " ■ ■ * ■ - ■ ' ' . ' . • ^ 

The increased use of treated waste water for irrigation purposes can simultane«Pusly ^ 
reduce the discharge to Lake, Al Tee by 20 percent and conser>^e.a I ike guantityVf 

ground water. 'The final decision^ for d^idn wif I depend op the Section 208 re- . ^ 
-gional pj ant now being' formulated. ' ' ; * 

4. Traffic / ■ 

■ ■ . ' ' ■ ■ ' ■' ■ 

The proposed metfiod of transporting coal to the lUS site will be by rail. This will 
require the construdtion of a rail spur crossing Archer Road. An average of about ' 
; four cars of coal ^jer day will be required. Th ii is expected to proytde minimal 
interference with traffic: ' t " 

Should the construction of the rail spur not be possible, coat cpn be trucked to 
- the campus. The' truck traffic experienced would hot be sigaificantly different 
from that required to truck fuel oil to the campus for the existing boilers. 

The on-campus truck traffic for incineration of the University solid waste' would be ' 
no different than present. The off-campus truck traffic solid/Waste transporta- 
tion to the Alachua Gauoty landfi II wou Id be reduced by 80 percent. If some por- 
tion of City of Gainesville sol id waste were also incinerate! for heat recovery, the 
additional on-campus traffic Woufd be proportional to the ^lount of sofid waste 
received. 



- 1)^-4 

^ ' ' ' ^ ■' 



5. Land Usage * 

The proposed site for /I US is in an area designcrt'ed for future utrltty expansion adja- 
cent, to* the existing sewage treatment plont ord Heating Plant No. 2. The installa 
tion of lUS will require removal x>f several smolT^^mporary buildings and a metal 
shed» Also an\xisting asphalt-paved parking lot wni be reduced in size. / If coal 
is trucked 1*0 canpus, the reserve coal pile can be motntoined off-campus and thus 
reduce the on-campus space requirements. ^ : \ 

Incineration 6f the'^^iivfersity^solid woste will reduce ^the volume of landfill re- 
quirements by 95 percent and the ash sent to the Idndfill jiriM be a dense sterile 
materia • Ash from the burning of cool can be used for landscaping.jqnd landfill - 



cover. 
6. . Aesthetics 



Siting of the coal fired plbnt and Incineral^ors will be on University^property next 
to the existing Heating Plant No. 2 in on area designated for utility expdnsron.* 
The coal storage site will-ie focated betweea Heating Plant No. Zand the new 
power plant arid will be hidden from sight by earth embankments. Since the pro- 
jected rail spur will pass be^Areen an e><istjrig parking goroge'cn^ the WilmonI;- 
Gardens/ care m the constructi^bn will be necessary to minimize 'the impact on the 
^landscope of that ofea. • ^ : 



B> INSTITUTIONALlfACTORS 




■ J fconomic Impac 

The installation of lUS Will require considerable cqpitjil pytlay. ThuS/ the lUS 
will be in competitio^^^^^ funds withiri^ the Universify/ t^ 

and the State 6s d whole. * In contrast. Increased utility costs with the present, 
system will place pre^ures on operating budgets of. academic profifBnsV^ The im- 
^^]>oiignreconomic impact of an lUS is that the I US will pay for illHr in a short 
-time and reduce future utility costs. ^ > 

2. Labor and Personnel 

The operation and. maintenance of an Integrated utility system will require highly 
qualified personnel. This will be pca*ticularly true for the operatron'bf high pres- 
sure steamJboilers and variable extraction turbine generators. ft:ese^t hedtina * 
plant operators are knowledgeable in the operatibn and maintenance of the exist- 
ing gas/oil f ired boi lers and the existing 1,000 kW bockpressure turbine. However 
since the lUS will include:xj:change in prJmary fuels/ J^nTjncrease in boiler opero- 
•ting temperatures and pressures, training of present^erficl additional personnel will 
be required. IX-5 



14 9 ' ", 



3. Mdnogemenf and ControJ 

V '■; ' . ' .. • 

^ The inte^oted operaHon of uHli^ iysfems wYir hk^^^ 
compj^x than when the subsystems are operated independeritly. A closer coordi- 
nation of the supervisory.perspnnel wlW b% reguired, and new qcca^ntlng proce- - 
dures may need to be instituted. ^ ^ - » 

Fuel Supply and Purchase Contracts 

Coal supply and jransporfdtion to the University of Florida are ovaiiable. ' And, . 
while-the University has previously burned coal, the establishment of purchc^fng 
procedures will require due consideration: - T 

' ■ ' ■■ ■ ' - ■•.*■■ . . , ^ ■ ' y X 

5i Permit Appiicati^ns and 'Hear inqs\ _ f. ' - 

The impUmentation of dn lUS Will requPre constfuction and bperatiort permits. The 
state and Federal agencies responsible for reviewing ohd approving the permit app It- 
cat, ons have Beea .dent.f.ed In the next section afid the requisite permit application 
and hearing procedures are noted. ' 

6. Dump Fees and Agreements- 

The proposed lUS does not specifically invoiv/the. surrounding community exdept 
in the area of solid waste management: If the University should incinerate solid ^ 
VSroste fromjhe^city a^d c^nty, a tiotisfacto^ working arrangement mu^t-be reached 
oii^how to handfe.difficulties that can. arise in such , an operation. The handling of 
bulk materials ana dump fees are particularly impcSrtdnt. For example, if a bulk 
^item.such as 9 refrigerator is dumped at the University/ the problem arises as to' who 
IS responsible\for the removal and disposal. , 



Heat recovery from the incineration of the University solid wa§te is economically 
attractive when the credits for lower dump fees and J 655^ transportation are consid- 
ered tor the incineration of.community wastes to be economically attractive to 
the University, a dump fee payment rate to the University will need to'be established 

'7. National Model _ - 

The kJS'wouId be of national interest as a model demonstration of cost effective ^ 
enel-gy conservation and pollution control. -Besides being an operating system pro- 
viding economic advantages to the University, the system^can be used in research 
and education programs. . 

- ' ' ' ■ ' \ * 

Engineering. performance and design data.can be determined by the careful evalua- 
tion of the lUS operation . Enginee^ng students could obtain real life; experience 

IX-is - 



with advancedtsystems concepts in power production and energy conser^otion'. The 
presentation of workshops and seminars based on the experierice aoined with the lUS 
could be used to nationally promote the beneficial Concepts of ^ lUS. 

C. , REGUUTORY AGENCIES AND PERMITS APPLICATJONS 

The permits reqifired^for the installation of an lUS at the University of Florida and 
the regulatory agencies responsible ^f or approving the applications for permits- ore 
noted below. An activity chart for obto^inrng the' necessary environmental permits 
is shown in Figure IX-1. 

1. Fl^ida Department of Environmental Regulations (PER) 

r?fo stationary (nsfol lotion which wi IT reasonably be expected, tp be a source of aii' 
or water pollution shall be operated, maintamed, cqnstrpcted, expanded, or modi- 
fied without an appropriate currently valid permit issued by the Department of y 
Environmental Regulations unless exempted by department rules. 



a. 



Air 



No person shall cortimence construction or modification of complex air pollution 
sources without a permit from the department, or pther governmental agency au-' 
thoriz;^d by the DER to issue such .a permit. . , 

. ■ . . . ^ . ■ ■ ■ 

If the DER.finds, after notice/ the projected emissions associated with <iny proposed 

complex source may result in the failure of the Ambient Air Quality Stondords beilng 

achieved and maintained/ the DER may require an application to be submitted and " 

a permit required prior to construction. ' "'. - , 

b. . Water ' ' • - : . 

■ v • .-\ V',. ■ ••■ 

lb person, without written authorization of the DER, shall discharge into' waters- 
"within the state any waste which, by* itself or in combination wfth other waste sources 
reduces the quality of, receiving wa^&s^ below the classification established for them. 

Water quali ty certificates are issued by the DER .when a project discharges'bj^ ma- 
rioi (sewage, industrfal effluent, runoff from spoil entropments, storm drainage^ 
id other actions potentially affecting water quality) during construction; or after 
completion of the project. Applyiiig for a permiMo dredge or. fill constitutes a re- 
quest for the DER to issue a ,v/aten qut^fy cectlficate,^in accor4ddnce with. PF91 -224* 
-y' Chapter 403, Florida Statutes. • ; • • ' ■ • 



PERMH ACffviTY C^\R1 FOR ENVIRONMEMTAL PERMITS' 



I 



, UNIVSMITY 
OF 
aORlOA 



FLCSIDA DEP/«TMENT 
OF HEALTH 
■ AND ■ 
REflABILITATIVE SERVICE^ 



APPROVAL 



LOCAL HEALTH OFFICE 



__J COUNTY POLLUTION CONTROL 
nl CTFCER 



riaiDA DEPARTMENT OF 

pottyiiONcoNiRa ■ 



D 



r 



APPROVAL , 



IDA PU&LIC SERVICE COMMISSION 



FLORIDA DIVISION , 
STAl! PLANNING' 





\ CORPS OF ENGINEEJS,,' 









NORTH CENTRAL FLORIDA. 
: REGIONAL PLANNING COUNCIL' 



0 



APPROVAL 



\ ■ 



SCHEDULE OF DOCUMENTS 



I. APPLICATION FOR PERMIT TO 

CONSTRUCT WATER PaLUTlON 
^SOURCES. 

2: APPLICATION FOR PERMIT TO OPERAiE 
WATER POilUTION SOURCES. 

3 . APPLICATION FOR APPROVAL OF plANS" ' 
ANaSPECIFICATIONS FOR THE CON- 
■ ■ STRUCTION OF SANITARY FACILITIES 

4; APPLICATION fSX APPROVAL OF PlANS*' 
AND SPECIFICATIONS FOR A PUBLIC 
, WATER.SUPPLY SYSTEM. 

.5. APPLICATI0NFaAPPR0VAl'6FPLA*NS 
AND SPECIFICATIONS Ftt ELECTRiaL 
GENERATING FACILITIES ' 

6. APPLICATION FOR P£RM1T.fO DIS- 
CHARGE WASTES IK NAVIGAJLE 
■ .WATERS. ; , ■ ■ ■• ' ■.■ 



FIGURE IX-l . •■ 
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c. Eleclricar Generating Facilities ^ ^ © ^ 

Sections 403.501 - 403.516, Florida Stototes, require certification for sites for 
construction of new electrical generating facilities/ encompassjng both new sites 
and expansions on existing sites. The DER, as the agency responsible for certifi- 
. cation, has promulgated guidelines for preparing an appticdtion for certification 
which essentially parallels the ERDA guidelines for enviconmental impact state- 
ments requFred for licensing of nuclear power plants. Under these guidelines, an 
extensive environmental assessment's rtequired to identify posf^'e effects of both 
fossil fueled and nuclear power plant construction and operatio^ on the air quality, 
water quality, and ecology of the site to be certified. By law, construction. of the 
power plant cannot commence /before a site has been certified. The DER may take ' 
up to 12 months to review and' act upon -oS^pp^i cation. 

? • . ■ . ■ ■ • 

■ ■ X. 

d. Permits-1 „ 

^ • ' ■ T. ^ . - ' ■ . . . c 

Department of Environmental Regulation permits are required for^he following: 
Air Pollution Source^ Includes complex air pollution sources. 

.Water Pollution Sources: - Sewage treatment plant effluent, industrial 

- • waste dis2:harge, thermal dischcirge, leachate 

r • . ■ ; . from treafhieht systems, dredge and fill, pri- 

'. . - : ' ' '" * mary water control structures, solid waste 

-. : ; ' . ' .. disposaj' site, etc. ." • - 4 . • 

•■ y '. :' ' ' -. . " ■, '.i „■ . '■ ' "Y . Si ■ '■ ■•^ 'i- r -I- 

SeW;age V/cx-ks: 1 *^ .^J'ermit to cpnstr0.ct and operate such a^faci lity 

Gol lection Systems: Sewage -col lection systems. .j 

' . ' ' ■■ ■ ' •- ' ■ . - . * . 

The types of permits issued by the DER are as follows: ^ 

1) Construction Permit ' * - ^ 

2) Operating a New Source Permit- - . ^ 

3X Operating an Air Pollution Source Permit . "* > 

4) ' Operating a Woter Pollution Source Permit 

5) Water Pol luti6rr> Temporary Operating Permit . 

. ^ J' ■ 

"6) Constructibn otjCol lection Systej|t Permit v - r ^ 



7) Operation of Collection System Permit' 

ix-9 
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d^s?^'"'''"'^ original, plus four copies are transmitted; The process time h 60 

2. rloridd Divrsion of Sfate Planning 

9' Electrical Generating Facilities 

iTJIr.^^^^^ft^ Florida Electryi Power Siting Act requires that each elec- 
fr.CQl ut.l.ty ,n the State of Florida is Required to submit a 10-year site plan to the 
Division of State Planning annually on April 1st. The plan shall date from April 
1st of the year in which it is submitted and will inplude: 

" A description of existing facilities. 

- ^ forecast of electrical power demand. ' 

~ A forecast of facilities requirement* 

- A description, of proposed sites and facilities. t 

> ~ A preliminary assessment of environmental effects of *^ 
. . proposed facility sitings. . 

The Division of Stpte Planning is required to make a preliminary study of each plan 
subn^ittedv and ta'clossify each plan as suitable or unsuitable within 12 months of 
receipt. The review pr>K:ess itself will involve participation by several agencies 
under the coordination of the Division of State Planning. . 

The electrical power generation facilities of ^he University of Florida are not ex- 
fhl'^nl-^ n'"^^^^^ Florida Power Siting Act, and an official opinion from . 

the Florida Division of Planning should be obtained. The Division of State PI an- 
.ning should, however, be informed as to the plans for an lUS'at the University of 
riorida. - . ^ 
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^- Development of Regiondl Impact 

Oevelppment of Regional Impact (DRI) means any develt>pmenfwhich, because of 
Its character/ magnitude or location,, would hav^ a-substantial affect on the health, 
safety.or welfare of citizens of more (ben one county, as defined ip Section 380.06 
Florida Statutes. DRI applications are submitted to the local aut/Tori ties for zoning 
or rezonmg purposes. Copies of the applicdtioh are- also t^ be submitted to the 
RegionarPIann.ng Council> and the State Division of Land Planning. The North 
Gentrql Florida Regionol P/anning. Council^ State Division of Land Planning and - 
other such agencies are sO^jposed to supply a feeaback to the local authoriti 
in 30 days of submittal . They only serve.an advisory role and do not ho/e the power 



to deny an applicafion. Plans developed by the Klorth Central Florida Regional 
Planning Council as to th^ future, transportation systems (both railroads and roads) 
in the vicinity of the lUS facility should also be noted. ' * 

3. Florida Department of Health and Rehabilitative Services 
division of Welfare - •■ ' ■ . " ' . 

a. Public Water Supply Systems " 

No person/ persons, firm, corporation, company, institution, municipality or 
community shall- Install, extend or alter any public water suppiy^system without 
having first received written approval from the Division of Health. 

Upbn request, the Divisiorrof Health shall provide ap^icdtion forms necessary for 
approval of water supply systems. All applications shall be submitted in quadrupli- 
cate. An additional set of all documents shall be furnished to lotal health authori- 

b. ; Wells 



No watop^upply well shall be constructed or used until a written permit from the 
Division of Health has first been received by the owner and driller of the well . 
Before commencing the construction oip a water supply well, it shall be the respon- 
sibi'lity^ of the well drilling cohtrdctorCtol^tokfe application and obtain permit to do . 
,so from the Division of Health. Form for ojsplication for permit shall be obtained - 
from the Division upon request. The fiipplicqtion shall ^3e signed by the driller of 
the proposed well and also by the person, "municipal or public utility official, cor- 
poration president or other owner of the proposed well. 

4.. Environment al Protection Agency 

Under the Federal Water Pollution Control Act Amendments^of 1972 (Publi9 Law 92- 
500) all discharges of pollutants or combinations jpf pollutants from all point sources . 
into the- navigable waters, the waters of the contiguous xone, or the ocean are un- 
lawful and subject to' penalties, unless^he discharger hds o NPDES perrnit or is 
specifically relieved by law or reguloKon from the obligation of a permit. 

b. The EPA Permit Process : , , . 

After receiving the completed perm|t application, the EPA Regronal Offi<;e'evqloate^^^ 
•it. EPA sends a copy of the permit application to other Federal agencies for comments 
The application must also receive'^ertifi cation from the Florido'DER . After analyzing 
alt Information and comments on the propbsed discharge, the EPA Regional Office 
mokes a preliminary decision to issue or deny the permit. EPA then issues a public 
notice of the permit application and its intention , to issue or deny the permit 



r 



"^Z^^^^^^^^ ^^^^ ''"^ ""^'^ P"*'''^ 20 days to comment on 

• ^ f *<="-«*''^e^*<= .Public hearing, the EPA RegronoJ Admims- 

tratf on issues or denies the permit. mnis 
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EXHIBIT I 

UF/FPC ELECTfeiC SERVICE CONTRACT (EXCERPTS) .. 



Amendment to Agreement,dated November 10, 1948, as amended, between Florida Power 
Corporation and the Board of Regents r acting ^or and in behalf of the University of Florida. 

- ■ ■ •• ■ , . . 

Said contract covers furnishing electric service to University of Florida at the University . 
Soj^tat ion in Gainesville, Florido 

(1) Rote Per Morff^^ , ^ 

Article II is hereby superseded and revised to read ds follows: 

Demand Charge: 

■ . ■ ■ 

$15,184 for first 6,000 kW 
. $2 „09 per kW for all in excess of 6,000 kW 

/ . Energy Charge 

. : 23.40 mills per kilowatt-hour v 

/• It is understood that the energy charge of 23.40 mills per. 

. , kilowatt-hour includes Hie base iossil fuer<^ 

mills per kilowatt-hour OS set forth in the Cbmpany's 
^standard filed retail Billing AdfiKtment BA-1, effec 
August 22, 1975. It is further underetood that in the . 
event said base cost of fossil fuel is in credsed or de- 
creased pursuant to future Orders of the Florida Public 
Seivice Commission, the energy chorjge set forth above 
. < shall be evidenced by a letter of explaoatiori from the 

Corhpcniy to the Board, a copy of which shall be attached 
to the Agreement OS an exhibit. 

Billing Adiustments: 

All charges under this rate are subi^ct to the Company's 
Billing Adfustrnents as filed wi>h^p^^ ^7 ^'he 

Florida Public Service Commission from time to time. 
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The minimum monthly bill shall be Two Dollars and Fifty- 
. Three Cents ($2.53) per kW based on the highest demand 
established during the preceding twelve (12) months' period 
plus equipment rental charges occasioned by University's 
re<juest for additional focilities. * ■ 

Detennination of Briling Demond: 

The billing demand will be the maximum thirty-^Mfe ' 
„ measured demand in kW during the month, but for^t less 

than seventy percent (70%) of the highest demand estab- 
, Hshed during the preceding twelye (12) months. 



(2) • Term of Contract: 



T^e tenri of this contract shall be for a ten-year period f^^^ 
. ' ' 1 n k''^ ^ ^ *^'n (January 5, 1 966) and thereafter , 

Jhall be automatically renewable on an annual fcosis. This ^ 
V may be terminated ot the end of any contract period by 

either party notifying the other party in writing of its intention 
to terminate, which notification shall be given not latter than 
nine months prior to date of temiination. Such notincation shall ^ 
begiven by the Company to the Board by serving same upon the 
y foor^ of Regents^at its office in Tallahassee, Florida, andshall 
be 9>ven fo fhe Company by the Board by serving same upon the 
President of the Compdhy at the general office in St; Petersbum 

n i'^? c. "^I'*"^ """"^ '^^^ deposJHng-same in the 
United States moil, under registered of certified covSr, addressed 
as oforesaidi. 

0 Character and Point of Servicet ■ 

The char^^er of service shall be continuous service, a ltemating 
current, 60 cycle, 3 phase wye furnished at the Company's 
University of Florida substation with transmission furnish^ to the 
voltage of the University's distrJbutldn system and measured by 
' i '"f,^'''^9«»'^'P^«"r^'"!sHedond 

Focilffies To Be Provi ded By the Company 

Tlie Company will provide two-way transmission service wfth * 
automatic sectionalizing to the Uni verity of Florida substation^ 
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The Compqny will instoll.and maintain nfecessary transfomiers/ 
regulating equipment and circuit breakers/ together with 
apparotus required to provide regulated voltage dt the point 
of delivery. . . 

Equipment Rentol: 

Equipment and Fdcinties beyond the Company's University of 
• Florida substation shalji^be furnished and maintained by the 
Board. The Board may request the Company to furnish such 
additional equipment and the Company may fumish/ Install 
and maintain such additional equipment charging the Board 
for the use thereofrot the rate^ of 1^% per month of the 
^ installed cost of such additional equipment. • 

The Board at its pleasure may purchase qH or fxirt pf the equip- 
ment and fjtfbilities rented from the Company at their depreciated 
value. Dtoreciation will b^alculated at an annual depreciation 
rate of 3. Q43% per year. 

In the event of the termination of this agreement by the Board 
of Regents and the Company's service to the main campus of 
the University being discontinued, the Board shall purchase 
from the Company any rental facilities? installed under this 
provision affective as pf the termination of "the agreement. 

^ight to Operate Generating Facilities: ; ^ 

V/V^ ^ . 

Parallel operation of the'Universit/'s.electric generators with 
the Company's system is permissible provided on adequate 
protection scheme is installed by the University )and that such 
protection scheme meets with the approval of the Company's 
engineers. The -University shall notify the Company of any 
*^changes in its generating capacity prior to any changes being 
made.. 
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r EXHFBrT II 

FEDERAL POWER CQMMISSintJ ri AS-CURTAllMPNiT PR|oj;iTrF<; n^j^pp 



NO. 467-B 



(1) ResidenHal-smairc^^^^^ 

(2) Uarge commercial requirements (50 Mcfor more oh o dnvV Jlr™ • ^ 
trjol requirements for pfont protecHon/ feeSl^cks ondTroces^^^^^^^^ a"';" 
P'P^-ne customer storoge lnfecHon requirements. P'^°=^^^ "^^^S'. ^'"d 

(3) ^1 Fndustriol requirements not specified in (2), (4), (5);(6),. (7^ (8) or (??). ^ 

for boiler fuel us'i at less than 3,000 Mcf per ' 



(5) 
(6) 
7) 

(8) 

(9) 
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.^irKiustrid-requr^^ ^^'"'"^ (3;000:Mcf or more per dayV 

bo.Ier fufel us^ where alternate fuel capabUitFes- can meet such req'l.ir^^^^^ 

_InterruptibFe requirements of m'ore than 300 Mcf per day, but less than 1 500 
Mcf per day, W,ere alternative fuel capabilities con m^if soclv..iq^i;^^ 

Ihr^Ts^'nmT'/^^ f rnter^ediate volumes (from J ,500 Mqf per day 
J^"riL.e;ts where alternate fuel capabilities.canYeet such 



lr<J«Mtf* requirements of more than 3,000 Mcf per day, but less than' 
me'n^. olternate fu^l capabilities can meet such rj^uire- 



nJ^T'^r^'^ '■P'.'^'r^^"^^ °f '"^^e^han I0,0b0 Mcf per ddy^ wher6 altema- 
tive fuel capabilities can meet such requirements. 
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EXHIBIT III' - HEAT BALANCES 



V. 



sfoiting poijit for a sfeam power plant design is the preparation oT a turbine/ 
boiler heat balance. Thisr heot balance is an extensive calculation yielding the 
expected state and quantity of steam and water flows in all parts of the cycle. 
Given the design conditions for each it-em of steam cycle equipment, the perfor- 
* .mance of the power plant as a whol'e can be determined* 

The preparation of turbine/boiler heat balances for a modern dual purpose unit is on 
extehsive process. Furthermore, with the emphasis on energy conservation/ the need 
' arises for evaluatiog various alternatives to determine plant cycles which maximize 
^ the plant, efficiency t A computer progiam which can be readihr arrafiiged to simu- 
late ppwer cycle flow sheets was i^^d^o calculate the heot^jwlances for vfhe case 
evaluated in this feasibility study. " 

A. HARDWAi^^ CONDITIONS j 

^fore the calculatioA of a heat balance can be performed, the turbine/boiler and 
associated ejquipment characteristics as well as operating conditions must be spec! - . 
fied. ' 

\\ Automatic Variable Extraction Turbine/Generator 

The heart of a steam power station is the steam turbine. It conl^Wrhe state of the 
steam at each point of the cycle and produces the power requireoto generate elec- 
trical output. A complete description of the turbine characteristics is included in 
the program for calculating turbine heat balances. Vc\e design parameters selected 
are given Tn the enei^ balance tables. ' ' 

2 . Feedwater Heating Cycles 

■ . , * ♦ ^ . . . ' • ~ 

" the fee<^dter heater arrangements showrr in Figures yil-4.and VI I -6 were used in 
the feedwater heating cycle. The selection of economical feedwater heating cycles 
is discussed in^Section VII. 

3. .- Operating Pressures tmd Temperatures 

■ The conditions for flows at the important points of the turbine- cycle are given in the 
energy balonce table. Turbine inlet and extraction condition selection have been 
discussed in Section VII. The condenser pressure is that expected to be obtained 
from avaikible circulating water and assumed condenser design.. * 
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BASIS Of CALCULATiONS ' • ' ... 

The heat balances shown io Tables E Ml-] and £111-2 are based on a net heat - = 

^ TKe net-heat supplied to the process is total heat in the steam fed to the process-at . 
V^^o ^'"C'Sn pressure minus the heat in returns from the process thot^nclu^e 

(xocess condensote plus makeup boiler feedwater required to repface steam c^nde^te- 
Josf in the ;>rocess and in boiler blowdown ' . . o^naensare 

tl*»lt''"HV"T'^T^''°'°""'''°^'■'=*"'''^^^ ■ 

isedT* '"Pf-PO^'t'on. This is possible becau« Vhe equipment 

onfn Hen^e rr^"'"' ^^^^ "'"^ full utilization as base loaded 

un,ts. Hence, the design operating cdnditions can be used to evaluate the system 
performance and partial load characteristics need not be-considered within the 
accuracy of the present knowledge of the expected equipment perfomance . ' • " 

C- PLANT PE RFORMANCE " ', 

The computer calculations evaluate the performance of all components of q power 

1.7 "r-T"""°' d.-^ --^-, quantity, pressur^ temperai^eTen- 

It^J- ^ f 1 ^ ^r^-^^ °f apparatus used In-' the plant. Being 

W 7 J ^^''•Pr"^ calculations contain all nebessaVy allowances for 
^ octual performance of each component. Heqt balances can be no more exact - - 
than the understanding interpretation, an^ correctness of the equipment performance 
tlf A summary of the plant performance for Z assumed ex tr^cHon 

heat loads ,s g.ven by the final portions of Tables E lll-l and E N|^. 

1. Net^8lant Power Send 'Out ' • ' - 

t^hTrJT'''"' ^"^^^ "^"^^ P^^-" °^°'^<^b1e at the generator terminals minus 

the ouxihary power requirements. ' """"s 

2. ' Plant' Realization Rat io 

Since no heat balance calculation can include allowance f6r all I c^sseslhat occur 
d?il P!°"^'. ^"=h «^^°°f>'owing, blowdown/ makeup, gland leakage, steam - 

r<:;rtoT';rp:;t^^^^^^^^^^^^^ ' '^--y p'"^ 

3. Boiler Sfeam gate > 

^^l''*'!'^'..?^''''^ % required boiler stean^Vate which 

IS the throttle steam, rate divided ^y the plant realization ratio. ' ' ' 
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4. Plant Fuel Requirement , 

The plant fuel requirement is the boiler fuel required to provide the throttle steam* 
divided by the plant realTzotToh ratio • 

• O 

*5. puel Chorgeable to Process ^ ^ • - 

The fuerdjargeoble to providing process heaf is defined^as the net heat .supplied to 
the proceft^ divided by >the bollec efficiency and the plant real izatioil rat jq. This is 
a conservative value when compared to the equivalent overqil fuel requirements to 
^ supply. the same heat to the process with o conventional |:>oiler since all auxiliary 
power requirements have been charged against the eiectricaj ^9wer production • 

- ■ * 

6. fuel Chargeable' to Power 

Fuel chargeable to power generation m a duat purpose power plaotd^^ a good mea- 
sure of how effectively hecit is converted j:cC shaft pqy/er or kilowatW* By defrnitfpn, 
the fuel chargeable to power Js the uncremental fuel that must be suppHed to the 
boiler to generate power wKilfe supplying the specified net proc^s!s heat^ /^v^* ^ • ; 



7.. ' thermal Efftciency ^ 

The thermal efficiency of the cycle is defined as the sum of the net heat to the 
process and the Btu equivalent of the net plant power send out divki&d by the^ 
plant fuel requirements • . ' v ~ ' " ^ 

8. Ele^tricatjleat Rate .' . ■ 

The electrical heat rate is Q parameter that can be used to compare the efficiency of 
power generation for different. Energy .supply systems. ' * ^ 

The fiiel energy required to generate by-product power is less than half riiat required 
by a conventional power station to generate the same quantity of electricity . For 
the present cose, the bus bar hedt rate of Florida Power Corporation is 10,372 Btu/ 
kWh* Hence, the^n,275 Btu of fuel ore required to generate and transmit one 
kilowatt of elec>ricity- to the University of Florida if the transmission leases ore 
assumed as being typMcal ly 8 percent. The heat rates for by-product power for >he 
V^rocess stfeom extractidjns are about 4,^500 Btu/kWh. These highly fqvorabkg by-- 
product power heat rat^ are the key ^o the energy savings ond ecohomic advantage 
of a select or total eneRgy system. ^ y 

r \ ^ , . ■ • •/ , ■ , ■ . • 

^ 9^ Power to Heat Generation Ratio * * 

The pofwer to heat generation heat ratio is defined as the net plant power ^nd out 
divided by the, net useful process heat supplied from the turbijfie^and boiler cycle* 

• . . ■ ' ^ / . ; ■ . * . . 



s^e ij,e vanoos extract ipn pres^or<tut the am<H.nt of^wer produc^^ 
unit of process heat is dramatically d^fFferen^^ \ % ^ , R^r 



/ 
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TABLE fx-1 • TWO FEEDWATER HEATER/ NONCONDENSING TURBINt/ 
' . V BOILER HEAT BALANCES' . ; . 

- ; ' . . BASIS: 100,000 BtuAr Net Heat Ejctracted from Cycle 



PROCESS EXTRACTION. STEAM. 
Pressure, psia . 
Steam Flow Rate, IbsAr- 



: 265 
.81,367 



75 
90,144 



• TURBINE ' 
Throttle Steom Flow, Ibs/hr, 
Pressure dt Stop Va I ve, psia 
Temperature atrStop Valve, 

• Steam Enthalpy, Btu/lb; 
Engine Efficiency, % 




i EXTRACTION - DRAIN COOLED 
FEEDWATER HEATER 
Water Flow to Heater, Ib/hr. 
Turbine S.tage Pressure, psia 
Heater Shell Pressure, psia ^ 
Terminal Temperature Diff. , F. 
Drain Cooler Approach, '?. - 
Feedwoter Temperature Out, 'F, 
Water Enthalpy Out. , '^i'fu/lb. ' 
Extraction Enthalpy, 'Btu/lb. 

' Drain Enthalpy, Btu/lb. / ■ , 
• Extraction: Required, Jb^pr, 



103,560 
850.0 
900*'^'^- 

1454 ' , X 

" 75 



103,560 
.265 
238.5 
. -3 

.10 , :. 
.f ■3.99.8" 
.374.5 
1,344.5 ; 
' /: 283^ 
' ,9,705 



n',273" 
850.0 
900 

1>454,-'. 
75 



11,273 ■. 
.265 
/ 238.5 

■• .•■-3.. 
10 

■ 399.8; 
.' 374.5 
1,344.5 
.. 283.6 
30,583 , 



"TABIiE X-l (Continued) 



. EXHAUST - COhilAGT 'V - ■< ^ ■^'■l: - r 

FEEDWATER HEATER AND ' . ^ 

; ;.DEARE)^ro^-' • .. ■ .: ^ ; J: 'v^^-,!:;' 

' TuAine Stage Pressure, ^.p^^^^^ . 30 ; io 

■ ExtracHon Enthalpy, Btu^^^^^^^ • ' i>188 • • '^J>T88 

^ -Heoter Shell Pressurje^psra . ■ "23.5 - ^ '^^^^ 

'Water Temperature In,' F. > 148.1 ' • ■^48^A 

brain Temperature, F. * 247.4 . 247.4 

Water Entha!py*lh,Btu/lb. \ 1J6J . TSsid 

Drain Enfhalpy, Btu/Ib. - ^ 215.8 / ; 2i5!8 

"Extraction Required, lb. /hr. 12,716 ' 12,009 

TURBrNE GENERATOR * 
Turbine Shaft Power by Section 

. 1st Extraction, KW ^ ^ 3,308 a,618 

Exhaust; KW ' ^ 3,622 ' -2,909 : 

Total Shaft Power, KW 3,670 , 6-,527 

Generator Losses, KW ' , 147 '26I 
3 Gross load; Generator Tennirials, KW 3 ;523 6 266 

..BOILER' •- ■ v . 

B^rees Superheat, " V 374.e-^ ; 374.8 

.- Enthalpy At feed, Btu/Ib. ^ . '374.5 . - ' ' 374.5 

Heat Added; W Steam, 10 Btu/hr. 111.8 ■ 121.7. 

: . Boiier'Efficiehcy; %■ ^ 84 



84 



I^edt:Supp[red m f uel , 10 Btq/hr. . ■ . 133 . 1 . ■ :X ^ ■'■ ^ 144, 9 

PLANT PERFORMANCE ' : U 

AuxTlidry Power,' KW * V ' / 371 , ^ 404 

Net W^t Electric Send-Out, KVV <ri52,^..^ ■ \ 5;^62 

Plant Realization Ratio f '( ; , = .S^ , . : " : ■■ .96 
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TABIf E X-T (Continued) - . 

; Bc>ller Stegm Rate, 10 lb./^r. 
N.- Plant fuel .Rie^^^ 

. Fuel Chargeable to Process/ IDA Btuy^ 
^ Fuel Chargeable to Poweri 10 B^/hr. 

Thisrmal ffficlency, % . 
, Electricar Heot Rate, Btu/KWH 
Power to Heat 6eneration, Rat io> 

KWH/lOrBtu - 




3c— 



107.9. 
138.6- 

^124. 

14.6; 
• 80.6' 
4,632 

•31i5^ 
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^ TABLE E x-2 ■MEE FEEDWATER HEATER, 
:■, • :k , ■ ■ " ^'5- ^'^'^ Phi/tir .Net Heat Extracted noiii Cycle • 

;V "(Itesure, p$td; ' .. r 265 , . 75 ; ■ . • . 30 

;/:> St(bn^% • ■81,367" ' '90,144' .■ ; $5,238' 



. ilhnjttleS^^^ 104,326-113,157 .1193 

;■■ Preiure at Stop ^ ' . 850.0 • 850:0 850.0 




at Stop Valve, F. 900.0. 900.0 : 900.0, 

. SWEnth^^^^^^ 1,454.0. 1,454.0 \ - 1,454.0 

Engine Efficiency, %. : - 75 \ . 7$ • " ' ,75 

r I ■ ■ ...... ■ , . ^ , ' ' . ' , ■ ' . 

, kt EXTINCTION - D^^^^ 

• "VFEEDWATER" HEATER . ■ a ■ - ■■ r ^ ' • ^ 

Water. Flow fete^^^ • : -1^04,326 ^ . ■ >1 3:;i57' V 1 19,553 

S ^Turbine S^^^^ 265.0 

; 'Heater SRellPre^urc^^ psia - ; 238.5 238i 1 238.5 

Teniiinal Temperature . • -3,0 1^.0 ' -3.0 

.' Drain Cooler A • ' TO.O, ]0.0 IG.O 

Feedwater Temperature Out, F. : 399.8 -399.8 .' ' 399.8 

Water Enthalpy Qutv,Btu/IL • ; 374.5 /.374.5 , . ,374;5 

■ V. Extradio^^ Enthalpy, Btu/lb. . ^, 1,344.5 ' 1,344.5 ■ 1,344.5 • 

•- -brain Enthalpy, Btu/lb. " ' ; ' 283.6 v 283.6 - 283.6 

^..ExtroctioD Required,. Ib.Ar ' 9,943 10,785/ 1^,395.5 



• . 2nd EXTRACTION'- DRAfN COOLED- 
'reEDWATE^H^^^^ : ; 
. Water 

. Turbine Sfa^ePi^sure, psia^^*^ ^ • 

Heoter Shell. Pressure psiq 

TenTiinalJemperdture Diff . . 

brain Cooler Approach , f . . 
-Wqter Tem'pefrSaturfe Out; F.i 
' . WotW Enthqli^^ , . 

>braint Entbolpy, Bt^^^ ; . . 
u ExtradipR Required , v 

SraiXTRAtTlON 
FEEEiWATER HEATERm , ' 

;bEA8EAToi?;;:;:/:;;"^^^ 

^Turbine Stage Pressure/; psiq ' 

ExtrdcttpnVEntfalpy/ Btu/^ . 

Hwter Shell- PrKs^re,'ps]a s 
* Wqter: Temperate in, F. ^: . • 

Drain Temperature, F.^ ' ' y \ 

Water Enthalpy In , B^^^^^ 

Drain Enthalpy;. Btu/lb. 

Extraction Required, h*/\\x. 



*. ^ 



CONDENSER , 
Exhaust Enthalpy . . 
Steam Flow, Ib./hr. 
Pressure, psia ■ 
Hot-Welf Temperature, F. 
>lot-Well Enthalpy, Btu/lb. 



104;^326 ■ . • 
*75.0" 



S 



303.5 
273.4' t 
r,24A2i 
231.2' 
4,902 



U3,i; 

75;0' 
67.5 
-3;Q 

'm 

303.5 
273.4 
1,247.3. 
^31.2 
5,317 



. 119-553 ■ • 



- . -3 . 0 V 

.10.0 

. 303.5 /;, 
' 273;4. . ' 
; V,247.3 ' ' : 

231;2 

5,617 



.^36,150 
75.0 
.67.5 

-vlo.a 

'303.5' 
'273.4. 

b247-.3 
23U2 
6/491 



' 30.0 


. ■ * 30.,0; . . 


30.0 


30.0^ 


1,188.0 


T,!88.0 


1,188.0 V 


1>188.0: 


V 28 ,5 / 


: .28.5 


. : 28.5" 


• 28.5 


V 148.1/ 


170.0 


175.0 


; 116.2 


:',247^ ■ 


^ '247:4 


247.4 


247.4 


ll6.l 


138.6) 


138.6:> 


84.1 


1 215.8 


\215.8] 


■ • ^ 215.8" 


• 215'. 8 


8,116 

v ■ ' ■ ■ ■ , ■ 


6,911>. 


■ .^7,301 


. 13,862 ' 


* 






1,039.3 


0 


0: 


0 


104,629 ■ 








1.5 



115.7 
83.6 



TABiE E X-2 (ConHnued) 





I 



, >turbine;geneiwtor ' : ? . : 

• . Turbine Shaft Power by Section 

•:;.;>;lst;Extrtictipn, KW:,,, ^ -i'^^; ' V:^'3,348 ^" ■■3;63I.' ' 3,8 

. rr^btnc^on,m) ; , 371 ' ^tiM"^r ■ '^M- 'y:^ 3,599 

v^- 3ft) Extraction, W ■ *r , < ;141, ■ )20':- ^ ■2,061 



,mm Power,^ ;^;>. . . 20 ^6,66^ ' 8,699 " M4,65^ 

; ;.-Gen^ 155" . • ,:,266:: W ' \ ' :625 • 
y :''^i*s:j^d.^^ |v\t ' 3705 •; . 4,400 , ■ ';8,352: " 14^(E7 ■ " 

, -ESOILER ■•■•'•■'r-;.^5^^^ ' /' ' .. ■'"■■^ '/ 

Degrees Superte;^?^^ . V ' 374.8 ' 'v374.8 ; 374.8 374 8 

. .S'tho^ . ^ : 374.5, : : 374.5 V 374.5 374^: 

;.Heat.A(WedtoSt^^^^ Btu/^^ ;. 112,6^.^' ^ . 129.1 , 149.1 

,:^-Mer^ff^c^ellcy^^^^^^^ - ■ ''-"^ ■ 84 84*' 

vHeohSiipplied Mr;.\^,; J V'134.0; ]45.8y *" 153.7 • v 177.5 

PLANT PERFORMANCE • ' ' v:^-^^^^ :: ' ^ V - 

Auxnia7 Power, KW.. ■ ' 37? ^^^^^^^-^^;^m^^^^^ .. .436 . ,491^: 

Nef Plant Electric Send-Out, KW; ■* • 3>326 ' • ' 5,988 ' ,7 13' 536 

Plant Realization Ratio , , / .96 . 96 ' 96 .' 96' 

Boiler 5team' Rate, 10. ft.Ar. : 108.6 \ ri7.V 124'.6 .143V 

Plant Fuel Requirements,: 10 B^Ar. > : . /139V6 -, .451.9 I69.I , 184.9 

Fuel Chargeable to Process, 10 Btu/fir. r ' 124.0 \ 124.0 124.0 ' * 0 

Fuel .Chargeable to" Power, 10 Btu/4ir. , . 15.6^^^^ 27.9 ' 35.2 I 184.9 

Thermal Efficiency, % . ||l - ' ' ■ 79.8 - 79.3 79.V' * 23!o 

Electrical felt Rate, Btu/KWW ; • 4;691 '4,659 " 4,446 13,659 

Power to HeaS^eneratlon^td/'- '33.3 • . ,59.9 ' " . 79,2 ' ' 



KWH/10 Btu 



4 



iASLE;iX-2(Gontinued) 



f • 2nd EXTiiACTION - Dfc^lN'COQLED 
FEEDVlMtRliEAIER 

:. -ivTyrbineiliag^^ > " * 

t; ■ H,^er Sbeij :Pressure/vpsia / 

Jenninol laiip^ F. ' 
■ l^n CooIer.Approdch/^ • 

;*Dt6rEnth%0at^^ : « 

E::^hiction £n^^^^^ : : 

V Dralrf Bfu/lb. 

;:DfAREATOR • ' - . ; 
' Turfathe Stage Pcessure, psid 
• • Extroction Enthalpy/ Btu/lb. 

-H.eat€r Sheli Pressure; psio 
: Woter Temperature In, F, 
. Drain Temperature, F. 

WoterEnifidlpy In, Btu/lb. 

Drain Enthalpy, Btu/lb. 

Extraction Required, Ib./hr. 



.y 



CONDENSER 
Exhaust Enthd 
Steam' Flow, li./hr. 
Pressure,;, Ifrijgv 
Hot-Well Teniperdture/ F. 
Hot-Well Enthalpyr4jZli^ 



:er!c;. 



■■67.5 

: : -3.0': 

' . IO.G: . 
: - .303.5-; 

273.4' 
.1/247.3 
■; 231.2 : : 

4,902, 



30.0^ 



-1, 



"28.5 
148.1 
247.4 
116.1 
215.8 
8,116 



0 




1 13, t57 

• :75.0 

67.5 
;'-3.0 



. 303.5 
^273.4 
M>247.3' 
■ -231.2 
• ■5317 



0 





0 



. J :38, 150 
' . ' 75.0 

; - ^ -3;0; 

•:-;^303^f 



23i:2 

• 6,491;" 



\ 30.^ , ^-^ 


30.Q 


30.0 


1,188.0: . 


. .1,188.0 


1,188.0 


' 2^.5':-V ■ 


. 28.5 


28.5 


170.0 


- 170.0 


,116.2: 




'247.4 


247.4 


138.6. 


' .138.6 


84.1, 


215.8 •. . 


"215.8 


215.8 


6,911 


■ :7,301 . 


. 13,862 



"1,039.3 



3.0- 
115.7 
,83.6 



:lst&^^ . V 3,348.0 r ". 3,6310,- > 3;836.D '4,433,2 

i2ncf^xtroctw/.l(W ; ' - %0,f' : : ■ :2>9f5.0 : ■ 3,080.0 ' '3,599.2 

:Ubir<^ V ?ly783.0 ■ V 2,060.5 

'^Btost,;*^^^ ''•''"'■;'0,; -'^'t'V .' 'Ov^-;. [ 0 . ■4,558.6' 

1^ V .3 : 3;860;0 ; ; ■ 6,666.tf • ■ , 8,699.0 . 651:5 ' 

f^mr^Wicmcff .% . • ^ .'. ••,'96' .* ' ,96 '„■■.' ' ' .96 .96 

^^j^ Load,' Generator ^^^^^ " ' 8,35^ •14,027- 

T«npel^ i ^0.0 , : * • I ^ ^-900.0 v i V ; > 900^ 

fressure At Superheater-^Ou^^ psid ' ^900.0 ' : 900,0 . ■ ■ 900.0 > > • 90oV ' 

-m^ApfMhed^MM^ 374.5 ; ^ : ;374.V :^^ ^ 374^5' ' 

>HMt:Added io Steonj,^ # : > : 114.0 , 1; m5v^^:^^ : m to - 

yerEmcieh<y,%\ ' 86^^-^^ ^ 8^^^^^ 

Heat Supplied m Fuel, 10^ Bhj/}ir. : 132.5 143.6 '-^ ■ : j51;8 " - " •175.4 *^' 

■PLANIPERFORMANCE ; ^:v'v'-:/-- ^' % 

Auxiliory Power \ . ^ , '; ''''.'v";\'';-.-^'''--^ ^ ' ' ^ ' ' ' 

-Feedpumps, KW ' - • . .160.1 - l^^ ' - ms^''^' 

F^^^^ ' 219.4 238:2 251.7 279.0 

Net Plant Electric Send-Out, KW ■ 3,325.5: .' ' 5,987.8 ' : 7,916.5 13,536.2 

Plant Steam Realization Ratio . .96 . ".96 ' .96 . , 

:loiler Steam Rate, 10-^ Ib./hr: ' .108.6 il7.9 124.6 ; ' ll43.9 • 

PJont Fuef Requirements, lO^Btu/lir. 138,0 ' , - .149.6 : ' 158.1 , / 182J 

'Fuel Chargeable to Process, .#Btu/hr. 121.1 / 121.1 ; . 121.1 ' !. 0 

Fuel Chargeable to Poweri #Btv/lir. 17.9 " ■ : .;28.5 ' : ' ; 37;0 , J82.7:" ^ 

Plant Heat Rate, BiVKWH , . . ^ . . 5;383 , ; 4,760 Sv " ^ 4/674" : 
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